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THE AGE OF URANINITE FROM 
GORDONIA, SOUTH AFRICA 
ARTHUR HOLMES 


WITH AN ISOTOPIC ANALYSIS OF LEAD 
W. T. LELAND awnp A. O. NIER 


ABSTRACT. The age of uraninite from a post-Kheis pegmatite in 
Gordonia, South Africa, hitherto known only within wide limits (Holmes, 
1934), is discussed afresh in the light of an isotopic analysis of lead sepa- 
rated from a sample previously analysed by Hecht (1934). From the 
apparent ages calculated from AcD/RaG, RaG/U and AcD/U respectively, 
the nature of the alteration of the mineral is inferred and the most prob- 
able age is found to be 1025 + 10 m.y. The “age” calculated from ThD/Th 
is anomalous, It is shown that unsystematic discrepancies of this kind are 
usual in all fully investigated radioactive minerals, implying that Th 
and/or Pb have suffered differential loss or gain, or that Th has not been 
accurately determined, or both. Crude age estimates of post-Karagwe- 
Ankolean euxenite from Uganda and of post-Damara lepidolites from 
South-west Africa (Ahrens, 1949) suggest, as a working hypothesis, that 
the intensely folded sediments of the Kheis, Damara, Kibara, Urundi, and 
Karagwe-Ankolean Systems may all belong to a single orogenic belt 
extending from South Africa to Uganda. 


ANALYTICAL DATA AND INTERPRETATIONS 


N 1934 I discussed in this Journa the age of the Gordonia 

uraninite in the light of an analysis made by Mountain 
(1931) and of a series of analyses made by Hecht (1934) 
of two specimens, A and B, sent to me for investigation 
by the late Dr. Perey Wagner. Quite recently I discovered 
another analysis by Haller (Behrend, 1933) which had pre- 
viously been overlooked. All the specimens of uraninite referred 
to were collected from the post-Kheis pegmatites of a desolate 
region of Pre-Cambrian rocks north of the Orange River, not 
far from the Aughrabies Falls, in the north-west of the Cape 
Province of South Africa (see fig. 2). The pegmatites and 
their minerals have been described by Mountain (1931) and 
Behrend (1933). 


The analytical data are listed in table 1 together with 


the apparent ages read from the family of graphs prepared by 
Wickman (1944). 
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1 


Uraninites from the post-Kheis pegmatites of Gordonia 


U Apparent 

U+ th ageinmy. 
10.46 57.09 9.04 A 6 1135 
10.21 55.00 11.75 1S 82 1125 
9.40 58.20 8.06 14 BS 1015 
60.28 5.66 13 91 925 
8.80 63.69 8.19 12 89 875 

D 9.45 63.47 7.39 ASS 90 940 


A. Uraninite, Back River. Composition of original sample (riddled 
with veinlets) calculated from analyses of A” (HCI extract) and A’ 
(residue) by F. Hecht (1934, p. 340). A. Holmes (1934, p. 345). 

B’. Megascopically fresh uraninite (S.G.—8.582), prepared from the 
original sample B by handpicking material free of visible alteration 
products. Analyst: F. Hecht (1934, p. 341). 

B. Uraninite, Back River. Original sample, including veinlets (S.G. 
7.201) B=394% B’ + 60.6% B”. Analyst: F. Hecht (1934, p. 341). 

B”. Altered residue of B after extracting B’. Calculated composition 

C. Uraninite, Boksput Farm, Back River, about 5 miles above the 
confluence with the Orange River (S. G.=8.876). Analyst: E. D. Mountain 
(1931, p. 139) 


D. Uraninite, Back River (S.G.—9.098). Analyst: H. Halier (F. 
Behrend, 1933, p. 19). 


It will be seen that the range of the apparent ages is so 
wide that no close estimate of the real age can be attempted. 
In my 1934 paper I decided that Mountain’s specimen C was 
the one likely to furnish the most reliable approximation to 
the true age, because of its relatively low HzO and SiOz and 
high S.G. However, Behrend’s specimen D is better still as 
regards SiQe2 and S.G.; H2O, unfortunately, was not recorded. 
I described Wagner's specimen A as being “in the state of 
preservation described by Ellsworth as poor.” The hand-picked 
material B’ appeared to be much more satisfactory, being of 
the standard rated by Ellsworth as good. It was therefore 
somewhat surprising to find that it gave practically the same 
high apparent age as A. Comparison of the data for B and B’ 
led me to conclude “that the material B’ has suffered a con- 


siderable loss of uranium, with consequent relative gain in 
thorium and lead.” 


Since the age of the Gordonia uraninite is of critical sig 
nificance in connection with the correlation of the Pre- 
Cambrian orogenic belts of South and Central Africa (Holmes, 
1949), it was clearly desirable that the matter should be fur 
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ther investigated with the aid of an isotopic analysis. To this 
end I sent part of the remaining analysed powder of B’ to the 
Research Department of Imperial Chemical Industries Limited 
at Billingham, Co. Durham, where, under the supervision of 
the Chief Analyst, Mr. W. C. Hughes, a sample of pure lead 
iodide was prepared from it. The sample was then sent to 
Professor A. O. Nier for determination of the isotopic con- 
stitution of the lead. The purpose of this paper is to record 
and interpret the results made available by the active co- 
operation of Mr. Hughes and Professor Nier. It is a pleasure 
to take this opportunity to acknowledge my indebtedness to 
my two friends and those of their colleagues who shared in the 
work, and to thank them most cordially for their generous 
collaboration. 

The results and the various “ages” calculated from them 
(Keevil, 1939) are set forth in table 2. 


TaBLe 2 


Uranite, B’, from Back River, Gordonia 
CHEMICAL ANALYSIS (By F. Hecht) 
UC+Th U+Th ageinmy. 
10.21 55.00 11.75 .153 82 1125 
ISOTOPIC ANALYSIS OF LEAD (By W. T. Leland and A. O. Nier) 
Isotopic Proportions Pb™ Pb*" 
of Lead (Radiogenic) 1 7.35 
Per cent of Radiogenic — 9. 665 
Lead in Uraninite AcD 
AcD AcD 
RaG U 
Lead Ratios 0735 0121 
Calculated Ages (m.y.) 1037 1106 


Less than 1/20,000. Original lead is therefore negligible. 


The spread of the three “ages” calculated from 

RaG/U AcD/U and AcD/RaG 

1148 1106 1037 m.y. 
indicates that the handpicked uraninite B’ has, in fact, been 
altered, notwithstanding its appearance of freshness. More- 
over, the numerical order of the “ages” and the intervals 
between them correspond to the pattern that would result from 
either loss of uranium or gain of lead. As shown by figure 1 
the age calculated from AcD/RaG (1037 m.y.) is therefore 
the one that approximates most closely to the true age. 
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Comparison of the analytical data for B and B’ (table 1) 
indicates that loss of U has been the dominant factor in the 
alteration of B’. We may begin by considering this factor 
alone. To bring the “ages” from RaG/U and AcD/U into 
agreement with 1037 m.y., U has to be raised to 61.4 per cent, 
implying that the lost U, thus arithmetically restored, may 
have been as much as 6.4 per cent of the mineral, or about 
10 per cent of the original uranium content. Any allowance 
for gain of Pb would, of course, reduce these figures. If this 
loss had taken place about, say, 500 m.y. ago (cf. fig. 1) the 
age calculated from AcD/RaG would be nearly 30 m.y. too 
high. If the loss had occurred earlier or later, the error would 
become correspondingly smaller, becoming vanishingly small if 
the loss were recent. 

Gain of Pb brings about a pattern of results similar to that 
due to loss of U, but with smaller departures from the real 
age. Here the age from AcD/RaG is again most nearly cor- 
rect, but the maximum error—for alteration about 500 m.y. 
ago—is only 15 m.y. A combination of loss of U and gain of 
Pb would give intermediate results. Thus, so far as the effects 
of loss or gain of U or Pb are concerned, it may be concluded 
that if the alteration was recent the most probable age is 
1037 m.y., whereas if the alteration occurred, say, in the 
Palaeozoic or earlier, the age would be slightly lower by an 
amount up to 15,\~ 30 m.y. 

The possibility should not be overlooked that B’ may also 
have suffered a slight loss of radon during its history. The 
effect of such loss would be that the mineral would now con- 
tain less RaG than it would have done if all the radon had 
been retained. Allowance for this possibility slightly decreases 
the value of AcD/RaG and therefore of the age calculated 
from this ratio. Again we reach the conclusion that 1037 m.y. 
is an upper limit and that the true age may be slightly lower. 

As a check on this conclusion it is of interest to calculate 
the apparent ages of sample B on the assumption that its lead 
has the same isotopic constitution as that of B’. The results 
are set out in table 3. 

Here the agreement between the “ages” based on RaG and 
AcD is unusually good, a result which is consistent with the 
assumption that there has been no appreciable loss or gain of 
the uranium-leads or of uranium. The numerical order of the 
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“ages,” if it be significant at all, suggests a very small loss of 
either radon or the uranium-leads. The most nearly correct 
age in the former case would be 1015 m.y. calculated from 
AcD/U (a ratio not affected by loss of radon), while in the 
latter case it would be 1037 m.y. It would appear that the 
mineral B has remained a nearly closed system as regards the 
migrations of Pb and U, the respective loss or gain in B” 
being compensated by a corresponding gain or loss in B’. 

In the light of the above discussion the most probable age 
of the investigated sample of Gordonia uraninite may be 
stated as 1025 + 10 m.y. 


TasLe 8 


Uraninite B from Back River, Gordonia 


(assuming Pb to have the same isotopic constition as the Pb of B’) 


CHEMICAL ANALYSIS (Table I, B) 
U Th Pb U Apparent 
U+ Th U+Th ageinmy. 
58.2 8.06 142 BS 1015 


ISOTOPIC ANALYSIS (Table II) 


Isotopic Proportions Ph™ Pb™ Pb” Pb** 

of Radiogenic Lead 100 7.35 5.42 

Per cent of Radiogenic ) 8.336 613 A452 

| Lead in B | RaG AcD ThD 
AcD RaG AcD ThD 

Th 

lead Ratios 0735 1432 0105 O56 

Calculated Ages (m.y.) 1037 1010 1015 1215 


“rHORIUM-AGE”” ANOMALIES 


It will have been noticed that the “ages” calculated from 
ThD/ Th (tables 2 and 3) differ considerably from those 
based on the uranium-leads. Discrepancies of this kind are 
unfortunately the rule in practically all the minerals so far 
investigated with the aid of isotopic analyses (see table 4) 
and no general explanation for the anomalies seems to be 
possible. The fact that more of the anomalies listed in table 
# are negative than positive indicates that some improvement 
could be effected by an appropriate change in the value 
adopted for the disintegration constant of Th; but to be of 
any practical use in this connection the change required 
would be far too great to deserve serious consideration and, 
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moreover, large unsystematic anomalies would still remain. 
For the same reasons it can hardly be supposed that analytical 
errors in the determination of Th can be mainly responsible 
for the anomalies, though they may be partly so in certain 
cases. For the most part the anomalies can be referred only 
to loss or gain of Pb or Th or both, brought about as a result 
of migrations accompanying processes of alteration. 


TABLE 4 


“Thorium-Age” Anomalies 


Apparent Anomaly 
Most Probable Agefrom (Apparent— 
Mineral and Locality age (inm.y.) ThD/Th Probable) 


1. Samarskite, Spinelli quarry, 
Conn. 255 
Thorianite, Ceylon 485 
Uraninite, Bisundi, India 735 
Monazite, Soniana, India 735 
Uraninite, Besner, Ontario 
Uraninite, S'ngar, India 
Uraninite B’, Gordonia, S. A. 
“ B, “ “ 
“ “ “ 
Uraninite, Parry Sound, 
Ontario 
Uraninite, Wilberforce, 
Ontario 
. Cleveite, Norway 
Monazite, Mt. Isa, 
Queensland 1200 1000 
Monazite, Las Vegas, 
New Mexico 1330 773 —— 557 
13. Monazite ! Huron Claim 1985 1827 — 158 
14. Uraninite { Manitoba 1985 1273 -— 712 


For data (except 3, 4, 6 and 7) see Nier (1939) and Nier, Thompson and 
Murphey (1941). 


For other data and details of calculations see — 

1. Holmes (1947), 

3, 4. Holmes, Leland, Nier, and Smales (1949). 

6. Forthcoming paper (Amer. Min.) by Holmes, Leland, and Nier. 

7. This paper. The apparent ages for B and B” are calculated on the 
assumption that the lead has the same isotopic constitution as that of B’. 

9, 13, 14. Holmes (1948). 


11, 12. Holmes and Smales (1948). 


Positive anomalies imply differential loss of Th or gain of 
Pb (or relative gain of ThD). 
Negative anomalies imply differential gain of Th or loss of 


Pb (or relative loss of ThD). 
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It should be noticed that relative loss or gain of ThD is 
not likely to be possible unless lead from one mineral migrates 
into another having a higher or lower Th/U ratio. It has been 
suggested that the lead generated from UQz or UOs probably 
behaves like PbO, in which case it would be less soluble than 
the lead generated from ThOz which may behave like PbO: 
or (PbOs)*. But this hypothesis can have no application 
to a homogeneous mineral, because, as Wickman has pointed 
out to me, when the lead atoms are generated they must 
travel several thousand A through the crystal lattice, quite 
haphazardly. The lead isotopes must therefore be well mixed 
throughout the period of their accumulation. Once mixed, no 
differentiation into a variety of lead relatively rich in ThD 
is possible by solution or other chemical processes. Diffusion 
would theoretically involve slight differentiation, but the 
atomic weights of Pb***, Pb*’’, and Pb*"* are so close that the 
degree of separation effected by natural processes would be 
completely negligible. 

Obviously each mineral for which data are available must 
be considered in the light of the relevant evidence; unfor- 
tunately the evidence is rarely adequate to provide an unam 
biguous solution. 

In the case of the Gordonia uraninite B, the anomaly of 
which is positive, we have seen that there is no evidence of 
all-over introduction of the uranrum-leads from an external 
source. It is therefore highly improbable that thorium-lead, 
ThD, could have been so introduced. In this case there is no 
alternative to the conclusion that B and therefore the 
visibly altered material B” has lost Th. On the other hand 
the low thorium-age of B’ can only mean that this part of the 
specimen gained Th, and gained it in sufficient amount to over- 
come the effect of a small gain of Pb. It thus appears that 
Pb has been gained by B’ and lost from B”, the net effect 
being an all-over loss from B as a whole. Reduced to the sim- 
plest terms, the relevant effects of the alteration of the mineral 
can be schematically represented as follows :- 


R RB” B’ 

Th lost Th lost Th gained 
Pb lost -——————> Pb gained 
U gained U lost 
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This scheme is not strictly rigorous, as it does not express the 
slender indication, already discussed, that there may also have 
been on balance a very slight loss of lead and/or radon from B. 

It is of interest to test the possibility that the migration 
of atoms of Th and Pb (expressed as atomic proportions) 
into B’ may have been responsible for the displacement of a 
corresponding uumber of atoms of U, which in turn migrated 
into B”, 

Loss of U = UinB—U in B’ = 3.20% 

Gain of Pb = Pb in B’ — Pb in B = .81% 

Gain of Th = Th in B’ — the percentage of Th in B (9.62) 
which would correspond to an age of 1025 m.y., ie. 11.75 — 
9.62 = 2.13%. 

The corresponding atomic proportions (x 100) are: 


Loss of U = 1.34; Gain of Ph= .39 
Gain of Th= 92 
1.31 


If the fact that this atomic account very nearly balances 
is significant and not merely a coincidence, it suggests that 


the alteration was recent, and it provides an explanation for 
the fresh-looking appearance of B’. A simple metasomatic 
exchange of Th and Pb for U would not be expected to pro- 
duce any megascopic symptoms of alteration in B’ such as are 
clearly visible in B”. 


PROVISIONAL GEOLOGICAL CORRELATIONS 


In Central Africa a well marked Pre-Cambrian orogenic belt 
extends from the west of Lake Victoria to the High Zambesi, 
where it disappears beneath the late Pre-Cambrian Katanga 
belt (fig. 2). Between Katanga and the Congo headwaters the 
older belt is represented by the sediments, intensely folded and 
in part metamorphosed, of the Kibara system (Robert, 1944; 
Cahan and Mortelmans, 1946). From the northern part of 
Lake Tanganyika the northerly continuation of the Kibara 
system is known as the Urundi System in the Belgian ter- 
ritories (Boutakoff, 1939), and as the Karagwe-Ankolean 
(K.-A.) system in Uganda (Combe, 1932). Granites and a 
highly distinctive Sn-W-Cb type of mineralisation characterize 
the belt at intervals throughout its length. So far, only one 
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Figure 2. Provisional map of Pre-Cambrian orogenic belts in South 
and Central Africa. The figures represent the “ages” of radioactive minerals 
in millions of years. Only those from Katanga, Morogoro and Gordonia 
(Kheis) have been controlled by isotopic analysis of lead. The others re- 
main “crude.” K.-A.= Karagwe-Ankolean; W — Witwatersrand. The dotted 
irea represents a supposed extension of the Katanga and Lomagundi belts, 
linking the latter with the late Pre-Cambrian pegmatites of Morogoro. 
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radioactive mineral which might serve as an age-index has been 
analysed, a euxenite from Uganda. The data presented in 
table 5 show that the apparent age is 920 ~ 995 m.y. 


TaBie 5 
Euzenite from Uganda 


Pb J Apparent 

U + Th age in m.y. 
E. 1.54 8.42 4.85 995 
F. 1.43 9.30 2.95 76 920 


E. Original sample from vein in Mubende granite, near Kagadi, West 
Buganda. Analyst: W. H. Bennett (both analyses communicated by the 
Imperial Institute, london). 


F. Purified material separated from the same sample as F.. Analyst: 
W. H. Bennett. 


In a paper presented to the London Session of the Inter 
national Geological Congress in 1948 I adopted the “age” 
of the purified euxenite, 920 m.y., as likely to be more reliable 
than that of the original sample, 995 m.y., and suggested a 
correlation with the Gordonia uraninite. The further investiga- 
tion of the latter, as recorded in this paper, has shown, how- 
ever, that the original sample B gives a much more nearly 
correct “age” than the fresh-looking material separated from 
it. In the case of the euxenite there is consequently no longer 
any adequate reason for giving preference to the lower age. 
The crude ages, uncorrected by isotopic analysis, are as 
follows: 

Uganda euxenite 920— 995 m.y. 
Gordonia uraninite 875 — 1125 m.y. 


The correlation is only very rough, but, pending further inves- 
tigation of radioactive minerals from the Kibara—K.-A. belt, 
it may be tentatively adopted as a working hypothesis. 

As indicated in figure 2 correlation of the Kibara-—K.-A. 
belt with the Kheis belt suggests that the Damara belt of S.W. 
Africa may also be part of the same orogenic belt. Preliminary 
age estimates of the post-Damara pegmatites by the strontium- 
rubidium method have been made by Ahrens (1948; 1949). 
His latest statement of the results is summarised in table 
6, from which it would appear that the crude age of the 
pegmatite minerals is about 900 + 200 m.y. In his 1948 
paper Ahrens adopted an earlier value for the disintegration 
constant for rubidium and arrived at “ages” about 100 m.y. 
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higher than those now given: the average “age” and range 
being then about 1000 + 200 m.y. 


6 
Age Estimates of Post-Damara Peqgmatite-Minerals 
(S.W. Africa) by the Sr/Rb Method (Ahrens, 1949) 
No. of Apparent 

Minerals and Localities Determinations Age in my. 
Lepidolite, Okongava Ost 72, Karabib (6) 750 
Karabib 700 
Albrecht’s Hiéhe, Karabib 850 
W armbad 950 


Omaruru 1150 
Lithium-muscovite, Usakos : 1050 


Weighted Average 22) 905 


It is difficult at present to interpret these results with con 
fidence and it will remain so until isotopic determinations of 
Sr™’ have been completed. One might reasonably suppose that 
“strontium ages” would tend to be too high because of the 
possible presence of original Sr, not allowed for in the cal 
culations. If this supposition covered all the possibilities of 
error, the lower “strontium ages” in table 6 would be the 
more reliable and the Damara belt could not then be correlated 
with the Kheis belt, but would probably be intermediate in 
geological age between the Katanga and Kheis belts, If this 
were really so, it would have far-reaching consequences 
which are too complex for brief discussion here. However, there 
seems at present to be no compelling reason for giving prefer 
ence to the lower ages. Ahrens himself has pointed out that the 
crude ages obtained from pollucite are always less than the 
expected age, possibly because of the presence of caesium. The 
cause of this known discrepancy—whatever it may be—might 


also be responsibl for the low “ages” of some of the samples 


of lepidolite investigated. 

Another example of a known discrepancy, which admittedly 
is exceptional, is provided by the conflicting data for minerals 
from the well known Ingersoll pegmatite in the Black Hills of 
South Dakota. Uraninite, analysed by Davis (1926) has an 
apparent age of 1330 m.y. Judging by the good quality of 
the analysed material and the excellence of the analysis, I find 
it difficult to believe that this result could be more than 100 
m.y. in error. Yet Ahrens obtains crude ages of 800 and 900 
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m.y. for two specimens of lepidolite from the same pegmatite. 
Another Black Hills lepidolite of which the exact locality is 
not known, gives an “age” of 1500 m.y. To clear up the 
present doubt as to the age of the Ingersoll minerals and to 
locate the error responsible for that doubt, it is obviously 
highly desirable that the isotopic constitution of the lead 


from the uraninite analysed by Davis should be determined as 
soon as possible. 


Meanwhile it would be premature to assume that the age 
of the post-Damara lepidolites lies in the range 700-900 m.y. 
rather than in the range 900-1100 m.y. Nevertheless, while 
doubt remains, the suggested correlation of Damara_ with 
Kheis on the one hand and with Karagwe-Ankolean on the 
other can only be regarded as provisional. 
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NEW EVIDENCE ON THE CAMBRIAN 
CONTACT AT HOPPIN HILL, NORTH 
ATTLEBORO, MASSACHUSETTS 


ALICE M. DOWSE 


ABSTRACT. A re-examination of Hoppin Hill, North Attleboro, Massa- 
chusetts, yielded an actual exposure of the sedimentary contact between the 
white, basal quartzite of the lower Cambrian formation and the coarse, 
pink granite of the Dedham granodiorite, thus substantiating the inter- 
pretation put forth by M. P. Billings in 1929. So far as can be determined, 
no exposure of the contact itself has been observed previously. 


INTRODUCTION 


HE writer became concerned with the problem of the age 
of the Dedham granodiorite when mapping the Medfield 
and Holliston, Massachusetts, quadrangles for a Ph.D. thesis. 
These quadrangles have no fossiliferous rocks and yield only 
the evidence that the Dedham is pre-Mattapan volcanics 
(Devonion?) and post-Marlboro formation (probably pre- 
Cambrian). The writer is very grateful to Professor M. P. 
Billings for helpful discussion of the problem and for making 
available a student field report of the Hoppin Hill area. 
Hoppin Hill, in North Attleboro, eleven miles south of the 
Medfield quadrangle, is a granite knob with fossiliferous Lower 
Cambrian slates cropping out on the east side and it is com- 
pletely surrounded by Carboniferous sediments of the Narra- 
gansett Basin. For fifty years this locality, the most important 
locality in the dating of the Dedham granodiorite, has been a 
source of geological argument. 


PREVIOUS WORK 


Shaler, Woodworth and Foerste (1899, plate 27) gave a 
sketch map of the east side of the hill and described in detail 
the fossil localities. They were uncertain about the age rela- 
tions because the actual contacts were not exposed. They state 
(p. 390) that “the Cambrian strata apparently follow the 
general trend of the eastern margin of the granite hill” and 
(p. 391) that “the temptation is very strong to consider the 
quartzite and the associated green shales as forming the lowest 
beds of the series.” However, under general features (p. 8) 
they state “on top of this formation (Lower Cambrian) and 
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the granites which have broken through it, come the Car- 
boniferous beds.” 

C. H. Warren and 8S. Powers (1914, pp. 459-460) inter- 
preted the structure as an intrusive contact of granite against 
the lower Cambrian slates, thus indicating a post-Cambrian 
age of the granite. 

B. K. Emerson (1917, p. 37) accepted Warren and Powers’ 
conclusion that the granite is younger than the Hoppin slate. 
He stated that “the base of the Cambrian strata is not exposed 
in the district and their thickness is unknown, but is probably 
not less than 600 feet.” 

M. P. Billings (1929, p. 103) assigned the Dedham-Salem 
group to the pre-Cambrian because “at Hoppin Hill, North 
Attleboro, the fossilfe rous Lower Cambrian slates rest uncon- 
formably on eroded granodiorite. A basal quartzite about ten 
feet thick intervenes between the slates and the granodiorite.” 

C. R. Williams, as a student under Dr. Kirk Bryan and 
Dr. Marland Billings at Harvard University, made a field 
study of the Hoppin Hill area when the reservoir was par- 
ticularly low in 1930. He measured the thickness of the Cam- 
brian strata as 340 feet, including 15 feet of white quartzite 
at the base (1931, manuscript report loaned by Professor 
Billings). 

L.. La Forge (1932, p. 22) stated that “the Dedham gran- 
odiorite is almost surely younger than the Cambrian rocks 


of the region, and the gabbro or norite of Nahant, which is 
here included in the group, is certainly post-Cambrian.” He 
pave the age as probably early Paleozoic. 


PRESENT 


WORK 

In February 1949, when the writer visited Hoppin Hill, 
the reservoir covered much of the fossiliferous red slate and 
limestone north of Hoppin Hill Avenue, and reached directly 


PLATE 1 
Fig. 1. Steep ledge of coarse granite at right; white quartzite in left 
center resting against the granite 


Fig. 2. Close view down into excavation along the contact. Granite on 
right and quartzite dipping away steeply to left. Strike N37°E, dip 78°SE. 

Fig. 3. Steep ledge of granite on left, quartzite in center foreground. 
Topographic shelf, developed on the quartzite, shows in right half of 
picture 


(3 photos from locality a marked in Fig. 1) 
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to the granite on the steep lower east side of the hill. At least 
two outcrops of the fossiliferous strata can still be seen north 
of the reservoir, one on the south side of the railroad and one 
in the meadow close to the north side of the railroad embank- 
ment (marked f in fig. 1). 

The writer turned attention from the fossiliferous strata to 
the basal quartzite noted by Billings (1929, p. 103). A green- 
ish white quartzite can be seen at the water’s edge on the west 
side of the reservoir about 50 yards south of Hoppin Hill 
Avenue (fig. 1, locality 2). At the south end of the hill is an 
elongate, rocky knoll of elevation 250 feet (fig. 1, locality 
1). At approximately the 230 foot contour on the southeast 
side of the knoll is a shelf or shoulder, 10 to 25 feet wide and 
about 100 yards long. The shelf has a long continuous outcrop 
of hard, white quartzite dipping away from the granite that 
forms the top of the knoll and dipping toward the red shale. 
The granite is coarse-grained, pink and white, with milky 
quartz standing a quarter inch above the pitted pink feldspar 
on the weathered surface. 

At one spot the quartzite and granite were only one foot 
apart and in several places less than ten feet apart. Excavating 
a few inches of soil at the spot where the granite and quartzite 
were closest revealed the actual contact in somewhat crumbly 
rock at the bottom of a trench ten inches deep and four inches 
wide at the bottom. The granite maintains its coarse grain 
(several millimeters) directly to the contact. At the contact 
the feldspar is kaolinized and bleached to a light buff color 
and a little chlorite and epidote are present. In the bottom 
few inches of quartzite are some grains as large as two milli- 
meters, whereas higher up the grains are mostly less than one 
half millimeter. No indication of shearing or slipping occurs 
on the contact. Thus, the sedimentary contact of basal white 
quartzite against the granite is definitely proved and the pos- 
sibility of a fault contact or intrusive contact is clearly 
eliminated. The strike and dip of the contact is NB7°E, 78°SE. 
Plate 1, figs. 1, 2 and 3, show the ledge of granite, the small 
excavation along the contact, and the quartzite resting uncon- 
formably on the granite (fig. 1, locality 1). To the writer 
there is no longer any doubt of the pre-Cambrian age of this 
granite. 


To try to reconcile Warren and Powers’ (1914, pp. 459- 
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Vig. 1. Map of Hoppin Hill, North Attleboro, Massachusetts, enlarged 
from U. S. G. 8S. Attleboro quadrangle. Locality 1 marks the exposure of 
the sedimentary contact, N37°E, 78°SE. Locality 2 has quartzite dipping 
eastward, Fossiliferous Cambrian outcrops are indicated by f. 


#60) opposing view, it may be noted that they described only 
the outcrops north of Hoppin Hill Avenue. Those outcrops 


consist chiefly of red shaly limestones, so susceptible to 


deformation that slaty cleavage is more prominent in them 
than bedding. The few outcrops still above the reservoir do 
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not reveal enough indication of bedding to warrant the 
statement that they strike toward and dip into the granite. 
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A DEEP FATHOGRAM ACROSS THE 
NORTH ATLANTIC OCEAN 


K. O. EMERY 


ABSTRACT. Continuous automatically recorded echo-soundings from 
depths as great as 3000 fathoms were obtained during a recent crossing 
of the North Atlantic Ocean. These revealed some of the characteristics 
of the deep-sea floor in greater detail than is permitted by ordinary 
echo-sounding tracks in deep water. Study of the tape record, or fatho- 
gram, shows something of the physiography of the area, the processes 
of sedimentation, and the geological history. 


INTRODUCTION 


CROSSING of the North Atlantic Ocean between Norfolk, 

Va., and Gibraltar during the period July 7-19, 1948, by 
the U.S.S. Siboney provided an opportunity for making nearly 
continuous fathograms of the ocean floor. This vessel, an air 
craft carrier, carried an echo-sounder capable of recording at 
all depths encountered. Through the co-operation of the com- 
manding officer and the navigator, the writer was able to observe 
the sounding operations. 

The equiprne nt ope rated at 18 kilocyeles per second and was 
built to record to a depth of 2000 fathoms. Shortly before the 
trip, however, it was modified by a simple adjustment so that 
soundings deeper than 2000 fathoms could be made. Use of 
the regular depth seale selector knob then permitted record- 
ings to be made between O and 100, 100 and 200, 0 and 2000, 
or 2000 and 4000 fathoms. The appearance of the record on 


the various scales is presented in accompanying photographs 


of sections of the recording. 

Previous data in the area have been obtained by many ships 
which took spot-soundings, usually at equal intervals of 4 
hours. Some fathograms have been made, but only where the 
bottom is shallower than 2000 fathoms. The soundings shown 
on the navigational charts are from many such sources, and 
because of their composite nature they may show great irregu- 


larities where none exist, while in other places they may give 
an incorrect impression of flatness because of the wide spacing 
between some soundings. Such errors may not be serious in 


use of the charts for general navigation, but it does restrict 
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the making of geological deductions. A continuous profile 
made by a single ship is more satisfactory as a geological 
guide. The best known deep-sea floor profiles are those made 
in the South Atlantic Ocean by the German ship Meteor 
(Stocks and Wiist, 1935), from which spot-soundings were 
obtained at about 4-mile intervals. 


RESULTS 

A summary profile, shown on figure 1, is based on sound- 
ings read directly from the fathograms at 15-minute intervals 
(214 to 414 miles, depending on ship speed). Some inter- 
mediate additional soundings were included to show peaks and 
valleys. No correction was made for the difference between the 
actual sound velocity and the calibration velocity of 4800 feet 
per second, nor for the keel depth position of the hydrophone. 
Thus, the fathograms show depths 5 fathoms too shoal in 
shallow water with the error increasing to as much as 80 
fathoms in 2500 fathom depths. While the general profile does 
not present much detail, it is useful in indicating the main 
physiographic divisions of the region and in serving as a posi- 
tion index for the selected portions of the fathogram given in 
figure 2. Note that the general profile has a vertical exag- 
geration of 75, in contrast to the fathograms which have a 
vertical scale only 5 to 8 times the horizontal scale, depending 
on the ship’s speed. 

The first major physiographic feature encountered was the 
continental shelf. Off Norfolk it is so gently sloping that 
depths greater than 20 fathoms are reached only beyond 25 
miles from shore. In this shallow portion there are numerous 
irregularities, possibly large sand waves. The shelf is somewhat 
steeper between 30 and 45 fathoms, but the main break in 
slope is at 53 fathoms, the edge of the shelf in this area. 

The continental slope section of the profile is steepest be- 
tween 150 and 700 fathoms, but continues fairly steep to 1500 
fathoms. Beyond that depth, a flatter area, 250 miles wide, 
may be due in part to the ship’s course being nearly parallel 
to the slope and in part to the possible existence of a deep 
terrace. At a point 200 miles southeast of New York City, the 
profile shows a deep “V” extending to a depth of 1850 fathoms, 
270 fathoms below the “terrace” level of 1580 fathoms. This 
is evidently a cross-section of the Hudson Submarine Canyon 
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which is well beyond the outer limit of the detailed surveys 
reported by Veatch and Smith (1939). A short length of the 
fathograms (fig. 2-A) shows the canyon and a nearly flat 
area 70 fathoms below the “terrace” which may be the floor 
of another canyon. Seaward of the deep “terrace,” the con- 
tinental slope again steepens down to about 2300 fathoms, 
where it merges into the deep-sea floor. 

At a point 450 miles from the start of the profile is a deep 
fairly flat area 700 miles wide which is known as the North 
America Basin. The floor begins at 2300 fathoms at the west side 
and gradually deepens to between 2640 and 2690 fathoms across 
almost the whole eastward half. South of this profile, west of 
Bermuda, the basin is as much as 700 fathoms deeper. A num- 
ber of broad, low undulations of the fathogram (fig. 2-B) 
may be due to local irregularities in sedimentation or in com 
paction rates, but others like the unnamed peak found at the 
520-mile point may be of volcanic or fault origin. The east 
side of the peak has a slope of 20°, although it appears to be 
steeper on both the profile and the fathograms. Some sound- 
ings on charts of this basin are as much as 250 fathoms deeper 
than those obtained by the echo-sounder at the same positions. 
This difference is interpreted as due to the fact that the older 
charted soundings were made by wire; such soundings in deep 
water are often too great because of drifting of the ship before 
the lead weight reaches bottom. 

On its northeastern side the North America Basin is limited 
by an extension of the Grand Banks. The fathogram indicates 
two main shallow areas of 1480 and 1390-fathom depths (figs. 
2-C, 2-D). A change in instrument setting from the 2000-4000 
to the 0-2000 fathom scale is shown by figure 2-C. The steep 
est side slopes of the high areas are only about 5°. On the east 
side of the extension is a terrace about 1750 fathoms deep and 
30 miles wide. 

Beyond the Grand Banks is the Newfoundland Basin, about 
650 miles wide here. Its depth along the profile increases from 
about 2200 fathoms on the west side down to 2500 to 2600 
fathoms 100 to 200 miles eastward. Figure 2-E shows a por- 
tion of the deeper part crossed by the ship. Near the middle of 
the basin several broad, flattish hills rise above the surround 
ing area (fig. 2-F). There are more and higher hills toward 
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the eastward margin of the basin. Figure 2-G shows an area 
where the hills are so close together that the bases of many 
adjoin, but in general the floors between hills are flat and at 
about the same depth as the middle of the basin. It is in this 
area that a depth of 2650 fathoms was recorded, the greatest 
depth in the basin on this crossing. Depths about 100 fathoms 
deeper than this are reported somewhat south of the profile. 

The ship crossed the Mid-Atlantic Ridge just north of the 
Azores, where it has a width of 500 miles, 350 of which are 
shallower than 1100 fathoms. Numerous separate hills are 
present, and several are shallower than 600 fathoms (fig. 
2-H). The Azores, of course, are similar hills which reach well 
above sea level. In addition to much irregular topography the 
ridge also contains some wide, flat terrace areas, one of which 
(fig. 2-I) is more than 50 miles wide and is characterized by 
depths between 800 and 900 fathoms. 

The easternmost deep area crossed, known as the Iberia 
Basin, markedly differs from the other basins in the great 
irregularity of its floor. It contains a great series of low hills 
plus a broad zone including Josephine and Gettysburg Banks 
which rise from 2500 fathoms to a charted depth of only 23 
fathoms. A fairly flat shoulder of Josephine Bank is shown by 
figure 2-L. Soundings of the top of Gettysburg Bank were 
taken from the chart because the Siboney’s echo-sounder was 
inoperative at the time the bank was crossed. The Iberia Basin 
contains the greatest depth of the entire profile, 3040 fathoms 
(fig. 2-3), which also is the maximum depth charted for any 
part of that basin. Between some of the hills of the basin floor 
are flat areas usually not more than 20 miles wide. Part of 
one is included in figure 2-K. The only very extensive flat 
area is at the base of the continental slope where for a dis- 
tance of 50 miles the bottom lies between 2500 and 2550 
fathoms. 

The continental slope, which forms the eastern limit of the 
Iberia Basin, has a fairly irregular slope of about 2°. It 
grades into the continental shelf at 60 fathoms. The continen- 
tal shelf in this area forms a narrow sill, or divide, separating 
the basin of the Atlantic Ocean from that of the Mediterranean 
Sea. This divide is 35 miles west of the narrowest part of the 
strait of Gibraltar. The deeper water within the strait (fig. 1) 
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may be partly the result of erosion by an undercurrent of 
dense, salty water leaving the Mediterranean Sea. 

In addition to indicating bottom topography the fatho- 
grams show the general presence of a sound-reflecting layer 
in the water. This layer was consistently present during the 
day and absent at night. When present, it resulted in strong 
reverberation usually between depths of 220 and 360 fathoms, 
causing a belt of echoes just below the out-going signal on 
the fathogram (figs. 2-A, 2-C, 2-H, and 2-L). Besides being 
present in the Atlantic Ocean, the layer was found in the 
Mediterranean Sea, the Red Sea, and the Indian Ocean. In 
general characteristics it*is exactly similar to a layer which 
previously had been reported from the northern and southern 
parts of the Pacific Ocean (Dietz, 1948). It is generally be 
lieved that the sound passing through the water is partially 
reflected by myriads of organisms, which swim downward to 
eseape bright sunlight during the day and upward to feed on 
phyto-plankton during the night. Because this layer is such 
a good sound-reflector, echoes from it may sometimes be mis 
interpreted as indicating bottom at that depth. 


GEOLOGICAL CONCLUSIONS 


Two of the three major basins crossed by the ship are char 
acterized by floors which mark the top of a sediment fill and 
which are generally flat except for somewhat broad, low un- 
dulations of the order of 10 fathoms in a distance of a few 
miles. These irregularities may be the result of slightly un 
equal rates of sedimentation or of compaction. The width and 
the flatness of the basin floors is probably an index of the 
relative rates of sedimentation and of the duration of undis 
turbed sediment accumulation. It is noteworthy that the North 
America Basin is widest and flattest and, therefore, presum 
ably has been receiving sediments faster or for longer time 
without interruption by strong vulcanism or faulting. In con 
trast to the low undulations are sharp peaks which rise 
abruptly from the flat basin floors to heights of more than 
half a mile. These peaks are rare in the North America Basin, 
ind present only at the east side of the Newfoundland Basin, 
hut they make up almost the entire cross-section of the Iberia 
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Basin. Their side slopes are of the order of 10° in steepness. 
Very likely most of them are the result of submarine vulcanism 
or faulting, a conclusion which is supported by the fact that 
they are most abundant on and near the Mid-Atlantic Ridge, 
one of the principal belts of earthquakes and vulcanism. 

The high, shallow areas crossed by the fathogram are also 
of considerable interest. The most outstanding of these is the 
Mid-Atlantic Ridge which just north of the Azores is a broad 
plateau mostly between 800 and 1100 fathoms, above which 
many hills rise to 600 fathoms or shallower. From the irregu 
lar character of the fathograms there, it appears that sedi 
ments in most of the area are present only in a very thin 
layer. Possibly sediment accumulation is the cause of the 
smooth, flat portions of the ridge, but because some of these 
areas are marginal and deeper than the peaks, they more prob- 
ably are due to wave erosion during some past time of lowered 
sea level. These flat areas may have the same uncertain origin 
as the abundant flat-topped sea-mounts reported at depths of 
700 to 800 fathoms in the Pacific Ocean (Hess, 1946). Much 
additional data on the depth and composition of the terraces 
south of the Azores is being obtained by Ewing and his asso 
ciates (Tolstoy and Ewing, 1948). 


NAVIGATION 


Fathograms and profiles made marually from visual echo 
soundings have long been used as navigational aids in rela 
tively shallow water of well-sounded coastal areas. By record 
ing and plotting soundings for a few miles, a cross-section can 
be drawn on a scale corresponding to the chart. Depths along 
this cross-section usually will be found to fit the contoured 
navigational chart only at one place. Such unique features as 
the Hudson Canyon and the unnamed nearby peak allow exten 
sion of such methods well out to sea in some regions. Similarly, 
the recording echo-sounder may be helpful in navigation in 


midocean, even where surveys are poor, provided that prom 
inent features like the Mid-Atlantic Ridge are present. It is 
possible also that in time a sufficiently accurate survey of the 
very irregular floors of basins bordering the Mid-Atlantic 
Ridge may permit the construction of detailed charts of these 
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areas. Such charts would be very useful in navigation as well 


as constituting a source of new geological information. 
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RADIUM CONTENT OF ULTRAMAFIC 
IGNEOUS ROCKS: III. METEORITES 
GORDON L. DAVIS 


ABSTRACT. Measurements of the radium content of some pallasites 
and iron meteorites have been made by a refinement of the vacuum 
fusion technique. In general, the radium content of the meteorites 
investigated is lower than that of terrestrial ultramafic rocks and 


minerals. Radium contents are also given for one stony meteorite and 
one amphoterite. 


INTRODUCTION 


N Part I of this series of papers dealing with the radium 
content of certain ultramafic igneous rocks (Davis, 1947), 
the radium content of a pallasite was measured in order to 
obtain a value that might be representative of an ultramafic 
rock of more deep-seated origin than those available at the sur 
face of the earth. The values obtained were so much lower than 
previously published results (Joly, 1909; Quirke and Finkel- 
stein, 1917; Paneth and Koeck, 1931; Evans, 1938; Schumb, 
Evans, and Hastings, 1939) that it was deemed worthwhile to 
measure a few more meteorites in order to confirm the order 
of magnitude of the results and to verify the measured dif- 
ference between the olivine and the metal portions of pallasites. 
During the course of the investigation, more recent data be- 
came available in the work of Paneth and his co-workers (Arrol. 
Jacobi, and Paneth, 1942), whose results on six iron meteorites 
indicated extremely low radium contents compared to Paneth’s 
earlier results. 

The same apparatus, precautions, and refinements in tech- 
nique employed in the first paper of this series (Davis, 1947) 
were applied in making the present measurements. A few 
modifications were necessary because of the nature of the 
materials studied. 


SAMPLE PREPARATION 


All specimens were obtained through the courtesy of E. P. 
Henderson, Curator of Mineralogy and Petrology of the 
United States National Museum. The samples were cut from 
larger pieces at the Museum with an abrasive-fed band saw 
which was cleaned as well as possible before use to remove 
contaminating material. Distilled water and fresh abrasive 
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were used. A sample of the carborundum was withdrawn and 
tested later; it was found to have no contaminating effect. 

In the Laboratory samples were cut to appropriate size 
with a rubber-bonded carborundum cut-off wheel, cleaned and 
trimmed with a dental grinding tool, washed with distilled 
water, dried between filter papers, and stored in a dessicator 
until ready for final treatment. Olivine samples were broken 
out of the centers of freshly-cut, thin slabs of pallasite and 
cleaned magnetically. Metal samples were cleaned by three 
treatments with redistilled hydrochloric acid of measured 
negligible activity, with alternate and final rinsing in spe- 
cially distilled water that had previously been shown to be 
inactive. 


EXPERIMENTAL 


PROCEDURE 
All measurements on stony meteorites, amphoterites, and 
olivine from pallasites were made by direct fusion in the 
graphite troughs which serve as heating elements in the vacuum 
fusion furnace. Some of the iron meteorite samples were also 
fused directly, but the molten iron attacked the graphite con- 
tainer to a consid rable exte nt, and high values of the radium 
content obtained in early determinations were suspected of 
being due to exposure by this attack of a portion of the 
graphite that had not been sufficiently out-gassed in the pre- 
liminary and background heating. Attempts to make a non- 
radioactive liner for the graphite trough capable of being 
heated and reheated according to the schedule of operation, 
and, at the same time, being relatively unreactive toward 
carbon and iron in a vacuum at temperatures in the neighbor- 
hood of 2000 C finally culminated in the use of a boat of 
periclase. Electric furnace periclase in grains sized between 
20 and 150 mesh was mixed with an absolute minimum of 
high temperature cement, RA 518, moistened, and formed 
into a shallow boat in a graphite trough. After oven drying 
at 120°C the boat and trough were placed in the vacuum 
fusion furnace and heated to more than 2000°C at least three 
times. This treatment sintered the refractory material and 
made it possible to transfer the boat to a preheated trough, 
the original one having been pitted in the sintering process. 
Most of the high temperature cement distilled to the walls 
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and supports of the furnace during the preliminary heatings. 
The resulting boat was porous, pure white, and showed no 
reaction on subsequent heating with either the graphite or 
iron. Some vapor transfer of MgO was evident by the forma- 
tion of colorless needles of periclase at “cool” parts of the 
boat. Similar effects were noticed when a boat was milled 
out of a single crystal of periclase, the surface becoming 
etched and crystal planes being developed, and sharp corners 
being rounded. 

The boats formed from periclase and high temperature 
cement gave somewhat higher backgrounds than the graphite 
troughs alone, but this may have been due to the longer period 
of heating at the higher temperatures. 


RADIUM CONTENT OF METEORITES 

The results of the radium determinations on specimens of 
twelve meteorites are given in table 1. The radium content 1s 
expressed in the usual units, 10° gram of radium per gram 
of sample, and is followed by the probable error of the result, 
r,, as discussed in Part I of this series (Davis, 1947). In the last 
column the radium contents have been expressed as uranium in 
units of 10° gram per gram. 

Radioactive contamination of these specimens by handling 
and preparation can hardly have occurred, except in the case 
of one meteorite, since the results are so low. The single case of 
suspected contamination is P-406, Antofagasta, where the 
olivine gave an unexpectedly high value for the initial deter- 
mination of 0.018 units of radium. Another determination was 
made using olivine fragments which had been rinsed three 
times in “radioactively inactive” hydrochloric acid. The result 
given in the table was obtained. Further treatment probably 
would have reduced the radium value, but the “inactive” acid 
soon would have become a contaminant as it would be impos- 
sible to remove all the acid from the shattered crystals. The 
physical appearance of this specimen indicated the possibility 
of contamination during its terrestrial existence, the metal 
showing considerable oxidation and the olivine having cloudy 
alteration films along cracks in the badly shattered crystals. 
The treatment of the metal portions was evidently effective in 
removing the contaminated surface. 
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Tasie 1 
Radium Content of Meteorites 


Ra * 10-4 
No. USNM No Name g-/8- U x 10° 


Medium Octahedrites 


P_371 645 Mesa Verde Park, Colo <.0004 < .12 
P4058 Carthage, Tenn 0015 « .0009 
P-409 663 Thunda, Queensland 0008 + .000T 24 


Octahedrites 
P_372 1413 Edmonton, Ky <.0009 < .26 
P.375 B46 Glorieta, N. M. OO1T 4 .0004 5 


Hexahedrites 
P3738 1307 Sierra Gorda, Chile OO1T + 0006 
P 374 1379 Cedartown, Ga 0008 4 .0004 24 


0011 


P illasites 


P376 1333 Salta, Argentina (metal) 0065 4 .0010 1.9 
a! P_A06 1207 Antofagasta, Chile (metal) 0035 4 .0006 1.0 
(olivine) <.005* 
PA07 823 Brenham, Kan. (metal)) 0027 + .0008 
(olivine) <.0003 < 
Metal average .. .0042 1.23 ° 


Amphoterite (Hypersthene-Olivine-Achondrite) 
PA10 1235 Shaw, Colo. 0164 4 .0007 4.5 


Stone 
P11 604 Cumberland Falls, Ky. 0034 + .0013 1.0 


*contaminated 


The results given in the table indicate that the radium con- 
tent of meteorites is as low as or lower than most ultramafic 
rocks. The values for iron meteorites obtained in this investiga 
tion agree in magnitude with those recently presented by Arrol, 
Jacobi, and Paneth (1942) and justify the rejection of values 
from earlier measurements. Samples of specimens of the same 
meteorite were analyzed in two cases and the results are in 
surprising agreement for independent determinations of such 
small amounts of radium. 


This paper A,J,P 
P-408 Carthage .0015 ~ .0009 .0017 
P-409 Thunda .0008 + .0007 .0028 


The values in table 1 tend to be slightly lower than those 
referred to above: 
Average of six iron meteorites (A,J,P) .0025 
Average of seven irons (this paper) O01] 
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but the difference can hardly be considered significant when 
based on so few determinations. 

The determinations ‘of radium in pallasites tend to confirm 
the single result, obtained in Part I of this series of papers, 
that the metal portion contains more radium than the silicate. 
The radium content of Salta, P-376, was redetermined and the 
values remain essentially unchanged. It also seems probable 
that the metal portions of pallasites contain more radium than 
do the iron meteorites, while the olivine portions may contain 
less. 

While this paper was in proof, a note from Dr. Henderson 
was received in which he indicates that the Salta and Antofa- 
gasta meteorites may be related. His recently completed 
analyses of the olivines from the two pallasites are almost 
identical. Thus, in at least two cases, the pallasitic olivine con- 
tains less radium than does the metal—a most unexpected 
result, and one which might invite further investigation. 

The results of these radium determinations on meteorites 
as well as those on ultramafic rocks given in Part I have been 
used by Urry (1949) in presenting a theory of the thermal his- 
tory of the earth. If the dunites and meteorites are considered 
to represent the monomineralic mantle and the core of an earth 
model, their extremely low radium contents indicate that no 
embarassingly large amount of heat is being generated by radio- 
active disintegration. 
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ACCESSORY SULFIDES IN 
NORTH CAROLINA PEGMATITES 
WM. HEINRICH 


ABSTRACT. Pegmatites of the Franklin-Sylva and several other peg- 


matite districts in North Carolina are characterized by a late hydro 


thermal phase, in which sulfides, chiefly pyrrhotite and pyrite, formed 


rep! 


lacements and veins in older pegmatite minerals and in gneissic wall 


rock The sulfide were among the very last m/nerals to crystallize 


Sulfides in feldspar almost invariably are surrounded by halos of green 


o sericite and probably a fine-grained clay mineral. Polished 


ection studies reveal that the pyrrhotite is very coarse-grained and that 


some has a lamellar exsolution structure. Pyrite, some of it slightly aniso- 
c, and chalcopyrite formed after pyrrhotite, An unusual associate 
in a few deposits is diopside hedenbergite. The most typical sequence jn 
the sulfides is pyrrhotite, pyrite, chalcopyrite, and marcasite 


INTRODUCTION 


ANY pegmatites of several Piedmont and Blue Ridge 
N districts in North Carolina contain small amounts of 
accessory sulfide minerals. The purpose of this study is to 
deseribe the mineralogy and paragenesis of some of these occur 
rences. The writer became familiar with the geology of the 
mica-bearing pegmatites during the period January, 1944, to 
September, 1945, as a me mber of the U. S. Geological Survey. 
Material for this investigation was collected in the spring of 
1948. This study of pegmatitic sulfides is part one of a general 
investigation of opaque pegmatite minerals in polished sections 
initiated by the writer under a generous grant from the Fac 
ulty Research Fund of the Rackman Graduate School of the 
University of Michigan. The writer is indebted to Professor 
K. K. Landes of the Department of Geology, University of 
Michigan, for a critical review of the manuscript. 

The general geology of the southeastern pegmatite districts 
has been sketched (Griffitts, Heinrich, et al., 1946) and a 
detailed account of the various districts is in preparation.’ 
Most of the descriptions in this report are of occurrences in 
the Franklin-Sylva district in the southwest corner of the 


state, which has been studied by Sterrett (1923), Sharp 


(1942). and by Olson and others (1946). Several ce otions 
of occurrences in th Shelby district in Cleveland Coy uty, which 
Mi Dey ts of the Southeastern States, U. S. Geol. Survey Bull., 


in press, by members of the staff, U. S. Geol. Survey 
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is in the Piedmont near the South Carolina line, also are 


included. 
GENERAL GEOLOGY 


The Franklin-Sylva mica pegmatite district is in Haywood, 
Macon, Jackson, Transylvania, and Clay counties, North 
Carolina, and extends southward into Rabun County, Georgia. 
From 1920-1940 it yielded 20% of the North Carolina mica 
production. It is 60 miles long in a northeast direction and 35 
miles in maximum width. Three main rock types are present: 
The Carolina or micaceous gneiss, the Roan or hornblendic 
gneiss, and the intrusive Whiteside granodiorite-quartz diorite 
of probable Carboniferous age, to which the pegmatites are 
related. The pegmatites, which occur chiefly in gneiss on the 
northwest side of the Whiteside intrusive, are quartz mon- 
zonitic to granodioritic in composition. Some 700 deposits have 
been mined or prospected. The main pegmatitic minerals are 
oligoclase, (Ab 70-86), quartz, microcline, and muscovite. Com 
mon accessories, in addition to the sulfides, are biotite, garnet, 
apatite, sericite, albite, and magnetite (in mica). Other rarer 
minerals and the number of their recorded occurrences are 
beryl (4), black tourmaline (8), allanite (4), diopside-heden- 
bergite (3), samarskite (2),° kyanite (2), hornblende (2), 
sillimanite (2), and one recorded occurrence each of ankerite, 
graphite, gahnite, pink tourmaline, zircon, epidote, autunite, 
torbernite, uranophane, staurolite, and ilmenite. Pyrrhotite 
(31 occurrences) is by far the most abundant of the sulfides 
and is followed by pyrite (15); chaleopyrite (7) is not com- 
mon, and bornite (1) is rare. 

A mineralogical comparison of several districts in the south- 
east shows that each has its own characteristic suite of acces- 
sory minerals. In the Alabama district and the Thomaston- 
Barnesville district of Georgia pyrite and pyrrhotite appear 

7A polished section of samarskite from the Sheep Cliff deposit near 
Cashiers in Jackson County shows that the mineral consists of two sub- 
stances. The more abundant is somewhat lighter gray in color, isotropic, 
very hard, with dark reddish brown internal reflection, and is negative to 
all the standard etch reagents, including aqua regia. The subordinate, 
darker gray material occurs as ragged inclusions and has similar prop 
erties but shows a stronger vellow brown internal reflection, An auto 
radiograph, made with 100 hours exposure on Eastman Alpha particle 


plates, reveals some variation in radioactivity of the sample, but this 


variation does not correlate with the distribution of the two substances 
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to be rare, even in the unweathe red parts of de ‘posits. Only two 


occurrences of pyrite are recorded in the Alabama district. 
However, black tourmaline, 


which is exceedingly scarce in the 
Franklin-Sylva district, is 


common in both the Alabama and 
Thomaston-Barnesville district, and in the latter, be ryl occurs 
in many of the deposits. The pegmatites of the She Iby district 
in North Carolina contain more microcline than those of the 
Franklin-Sylva district and also have acc 
lites, beryl, pyrite, and pyrrhotite. 
Accessory pegmatite minerals in the Spruce Pine district 
include biotite, garnet, apatite, magnetite, ilmenite, allanite. 
epidote, thulite, zoisite, calcite, beryl 


essory calcite, zeo- 


(including emerald), 
columbite, monazite, cyrtolite, samarskite, uraninite, clarkeite, 
rogersite, gummite, autunite, uranophane, kvanite, gahnite, 
spodumene, and hvalite (Olson, 1944: Ste rrett, 1923). 
Sphalerite has been abundant at the McKinney mine (Ross, 
1937), associated with minor quantities of ch: alcopyrite, pyr- 
rhotite, pyrite, galena, covellite, and scheelite. This accessory 
suite differs from that of the Franklin-Svlva district by a 
much greater variety, by a wider distribution, by the occur 
rence of calcium silicates, by greater abundance of uranium 
minerals, and by a scarcity of iron sulfides. 


SULFIDES 

FRANKLIN-SYLVA DISTRICT 
Sulfides favor three loci in Franklin Sylva pegmatite de 
posits: the quartz core, especially its margins; the outermost 
part of the pegmatite, either border zone or part of the wal] 
zone, and the wall rock near the pegmatite contacts. Within 


egmatite itself pyrrhotite and pyrite occur in seve ral ways: 
Pp: P: 
1, 


AS 
arge pod ik masses (1-foot pyrite pod in the Moody peg 
matite, Macon Co., 6-inch mass of pyrrhotite in Beask v No. 1 
pegmatite, Macon Co., and 1.-pound piece of chaleopy rite in 
Thorn Mountain pe rod Macon Co.), as small clusters of 
blebs, as minute disseminations. and as films and veinlets. Dis 


seminations and blebs occur chi flv in plagioclase, microcline. 


and quartz, and are invariably surrounded by a zone of 


green 
ish coloration, which is especially prominent in the feldspars. 
The size of the halo and ints nsity of the color depend upon the 
size and abundance of the blebs. Toward the sulfide the 


green 
color becomes darker, and a thin black film may lie 


directly 
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along the sulfide-feldspar contact (fig. 1). Sulfides are usually 
much more abundant in pegmatite that has been strongly frac- 
tured. Under the microscope the green stained feldspar appears 
turbid to nearly opaque due to a dark cloudy, very fine-grained 
alteration product that is white in reflected light. It resembles 
closely the kaolinitic alteration of feldspar. Abundant fine- 
"CER 


7 


fracture 


~ sullides with 
green halo 


z 4 


Scale tr tnches 


Figure 1. Pyrrhotite blebs in pegmatite, surrounded by zones of green 
coloration, Bowers deposit, Jackson Co., N. C. 


grained sericite also usually accompanies the sulfides, and the 
green halo is due to a combination of the turbid mineral, seri- 
cite, and possibly some melanterite. 

Veinlets and films of sulfides coat fractures that cut across 
plagioclase, quartz, or intergrown quartz-plagioclase rock. 
Pyrrhotite also appears along feldspar cleavages and forms 
films along the cleavage planes of both muscovite and biotite. 
Not uncommonly sulfides form thin coatings around entire mica 
books, apparently localized along the contact of the books with 
other pegmatite minerals. 


In some pegmatites on Lyle Knob in Macon County veins of 
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vuggy, sheared quartz containing 14-inch pyrite crystals have 
heen formed along the cleavage s of muscovite books. The crys- 
tals are bounded by cube and beveling octahedron faces. Also 
in these deposits biotite plates lying along fractures in feld- 
spar are coated by pyrrhotite. 

At the Tilley mine in Jackson County, pyrrhotite coats the 
faces of apatite crystals, and at the Big Ridge deposit near 
Waynesville in Haywood County veinlets of it transect skeletal 
apatite crystals, one inch across, which consist of a core of 
quartz, plagioclase, and tourmaline needles and a thin outer 
shell of light green phosphate. One inch crystals of dark red 
garnet are veined by stringers of quartz with disseminated 
pyrrhotite at the Long Branch mine near Cullowhee in Jackson 
County. 

At three deposits, the Big Ridge in Haywood County and the 
Buoy and Ledford Cove near Franklin in Macon County, pyr- 
rhotite is associated with crystals of diopside-hedenbergite in 
the marginal parts of the pegmatites. The two minerals usually 
occur in thin quartz-rich apophyses that contain small, well- 
developed muscovite crystals. Hedenbergite forms prismatic 
crystals, as large as 14 x 4 inches, which tend toward paral- 
lelism with the apophyse walls. Commonly the crystals are 
broken, and, where these segments have been rotated or even 
bent, the rifts are healed by fine-grained quartz and plagio- 
clase or by pyrrhotite. The latter also forms films enclosing 
the pyroxene crystals. The Ledford Cove pegmatite also is 
unusual in its high content of biotite, some books which 
measure as large as 10 x 8 x 3 inches and are partly coated by 
pyrrhotite. 

The indices and pleochroisms of the Buoy and Ledford Cove 
pyroxenes are follows: 


Buoy Ledford Cove 
Xx 1.722, deep gray green 1.693, gray green 
\ 1.727, deep gray green 1.704, gray green 
7 1.743, dark olive green 1.723, olive green 


From these data the Buoy mineral contains about 84% of the 
CaFeSi2O« moleculk and the Ledford Cove material about 47% 
of CaFeSicO¢ 

Pyrrhotite and some pyrite also occur in gneissic wall rock 
near pegmatite margins, where they form minute specks, small 
blebs, and films along fractures or within quartz stringers. 
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Later movements along the films have produced slickensides. 
At some deposits sulfide has been introduced more abundantly 
along the hanging-wall side of the pegmatite (fig. 2). At the 
Tilley mine disseminated pyrrhotite has been developed with 
clusters of chlerite flakes in the wall rock of hornblende- 


Figure 2. Pegmatite at Rocky Face deposit, Macon Co. N. C. A — quartz 
and minor plagioclase, B — plagioclase and accessory garnet cut by fractures 
coated with pyrrhotite, C-pyrrhotite disseminated in gneiss, D — biotite 
gneiss. Vertical face five feet high. 


Figure 3. Ladder veinlets of pyrrhotite cutting quartz vein in biotite 
gneiss, Tilley pegmatite, Jackson Co. N. C. Vein is five inches long. 
biotite gneiss. At the same deposit minute ladder veinlets of 
pyrrhotite transect quartz stringers in gneiss near the peg- 
matite margins (fig. 3). 

Microscopically the pyrrhotite from the Tilley pegmatite is 
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rather coarse-grained. Under crossed nicols it exhibits a minor 
amount of intragranular, rectilinear lamellar structure, which 
is regarded by Schneiderhéhn and Ramdohr (1931) as the 
result of exsolution. Small irregular patches of chalcopyrite 
are localized between pyrrhotite grains (fig. 4). The sequence 
is pyrrhotite, chalcopyrite, and quartz. 


Figure 4. Coarse-grained pyrrhotite (po) with minor exsolution lamellae 
(lower right), interstitial chalcopyrite (ep), and inclusions of quartz 
(black). Crossed nicols, magnification 48X. Tilley pegmatite, Jackson Co., 

Figure 5. Vein of chalcopyrite (ep) cutting coarse pyrrhotite (po) 
and cut, in turn, by quartz (qtz) vein. Magnification 48X. Beasley No. 1 
pegmatite, Macon Co. N. C. 


At the Beasley No. 1 pegmatite in Macon County, pyr- 


rhotite, the chief sulfide, contains minor amounts of pyrite, 


chalcopyrite, and marcasite. The coarse-grained pyrrhotite 
does not show lamellar structure. Pyrite in anhedral grains lies 
along contacts between pyrrhotite and quartz. Chalcopyrite is 
localized along pyrite-pyrrhotite grain contacts and also 
transects pyrrhotite in irregular veins, which are themselves 
cut and broken by quartz veinlets (fig. 5). Minute clusters of 
mareasite blades, probably of supergene origin, have begun to 
replace pyrrhotite outward from the margins of quartz 
stringers (fig. 6). The probable sequence is pyrrhotite, pyrite, 
chalcopyrite, quartz, and marcasite. 

From the above relations sulfides in the Franklyn-Sylva 
district are late minerals that were developed in both pegma- 
tite and wall rock after the former had been consolidated 
sufficiently to support fracturing. Textural evidence shows that 
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the sulfides are later than plagioclase, microcline, much 
quartz (including that of the late crystallizing pegmatite 
cores), muscovite, biotite, apatite, garnet, and diopside-heden- 
bergite. The sulfides are considered to be the chief representa- 
tives of a weak hydrothermal phase developed within the other- 
wise generally magmatic pegmatites. These conclusions are 
supported by Olson and others (1946) who state (p. 9), “The 
sulfide minerals appear to be among the last to form in the 
sequence of pegmatite minerals.” Sharp (1942) also includes 


pyrite and chalcopyrite in the youngest group of minerals. 


DEPOSITS IN OTHER DISTRICTS 

At the Deep Creek No. 1 feldspar deposit in the Bryson City 
District, Swain County, North Carolina, allanite and sulfides 
are locally abundant in pegmatite consisting chiefly of micro- 
cline, quartz, oligoclase (Ab 82), green sericite, and a small 
amount of biotite. The rock has been strongly sheared, almost 
mylonitized in some places, and abundant sericite has been 
formed along the fractures. Lustrous black allanite occurs in 
irregular pods as much as an inch long, which are commonly 
broken and healed by veinlets of fine-grained, flesh-colored 


feldspar. In polished section the allanite shows strong alter 
ation, being veined by quartz and limonite and grading into 
patches of a darker gray alteration product. Quartz veinlets 
cutting it are bordered by pyrite crystals (fig. 7). 


Figure 6. Bladed mareasite (m) replacing pyrrhotite (po) outward 
from margins of quartz (qtz) vein. Magnification 48X. Beasley No. 1 peg- 
matite, Macon Co., N. C. 


Figure 7. Quartz vein (qtz) with marginal pyrite (py) cutting allanitc 


(all). Magnification 48X. Deep Creek pegmatite, Swain Co., N. C. 
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Pyrrhotite forms nodules as much as four inches long. Pol- 
ished sections show that it is very coarse-grained and slightly 
dichroic, with a well-developed structure of sub-parallel, curv- 
ing blades under crossed nicols. These resemble the cataclastic 
lamellae or “Zerknitterungslamellen” of Schneiderhéhn and 
Ramdohr (1931, fig. 60, p. 135), and their presence probably 
indicates that shearing followed the formation of pyrrhotite. 
Cubes of slightly anisotropic pyrite are confined to the pyr- 


Figure 8. Pyrite (py) cutting pyrrhotite (po) and quartz (qtz), which 
ilso transects pyrrhotite. Magnification 48X. Deep Creek pegmatite, Swain 


Figure 9. Lamellar exsolution structure (shaded) in coarse-grained 
pyrrhotite (po) cut by quartz (qtz) veinlets. Crossed nicols. Magnification 
‘8X. Mill Race pegmatite, Cleveland Co., N. C 


rhotite margins and to the vicinity of fractures. Locally, pyrite 
veins pyrrhotite and sends thin stringers into quartz (fig. 8). 
Small blebs of chalcopyrite occur interstitially between pyrrho- 
tite grains or between pyrrhotite and quartz. The sequence 
appears to be allanite, pyrrhotite, chalcopyrite, fracturing, 
pyrite, quartz, sodic plagioclase, sericite, and limonite. 

Sulfides are locally abundant as accessory minerals in peg- 
matites of the Shelby district, North Carolina. The Foster 
mine in Cleveland County contains pyrite veinlets in smoky 
quartz. In vuggy parts of the veinlets pyritohedrons have 
crystallized. Crusts of marcasite occur along fractures in mas 
sive white quartz of the core, and small flattened marcasit 
“suns” coat feldspar cleavage surfaces. Disseminated pyrite 
also occurs in the wall rock. 

The Mill Race pegmatite near Boiling Springs in Cleveland 
County contains abundant pyrrhotite, which replaces feldspar 
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and muscovite. Pseudomorphs of pyrrhotite after muscovite 
crystals reportedly have been found. Feldspar and quartz sur- 
rounding the sulfide have the usual green stain. Fist-sized 
masses of pyrrhotite are not uncommon and along fractures 
are altered to marcasite. In polished section the coarse grain 
of the pyrrhotite and the unusually well-developed lamellar 
exsolution structure are conspicuous (fig. 9). Minute pyrite 
particles are interstitial to it, and irregular quartz veinlets 
transect it. The sequence is pyrrhotite, pyrite, quartz, and 
inarcasite. Pyrrhotite also is disseminated in the wall rock. 
Abundant gray calcite replaces microcline at the Bowen 
pegmatite, near Double Shoals in Cleveland County. Pods of 
pyrrhotite, several inches long, are associated with two-inch 
cleavage pieces of calcite, fine flakes of green sericite, sericitized 
white sugary sodic plagioclase, muscovite plates, crusts of 
fibrous black tourmaline, and vugs lined with muscovite and 


Figure 10. Quartz vein (qtz) with corroded pyrite (py) transecting 
pyrrhotite (po) and extending stringers along basal {001} parting. Mag- 
nification 48X. Bowen pegmatite, Cleveland Co. N. C. 


Figure 11. Chalcopyrite (ep) and quartz (qtz) veining pyrrhotite. Mag- 
nification 48X. Bowen pegmatite, Cleveland Co., N. C. 


plagioclase crystals. The pyrrhotite is typically very coarse- 
grained, but lamellar exsolution structure is absent. Corroded 
pyrite occurs in quartz veinlets which project minute 
apophyses along the {001} parting of pyrrhotite (fig. 10). 
Chalcopyrite and quartz form thin stringers and small curved 
replacement blebs in pyrrhotite (fig. 11). The sequence 
appears to be pyrrhotite, pyrite and quartz, chalcopyrite and 
quartz, and quartz. 
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Discvssion 


Sulfides, especially those of iron and copper-iron, are not 
uncommon as accessory minerals in very minor amounts in 
pegmatites ranging in composition from granitic to ultramafic 
Landes (1933, p. 97) has recognized, however, that peg- 
matites of intermediate composition (syenitic) may contain 
rather abundant sulfides as a characteristic accessory assem- 
blage of the hydrothermal phase. Although sulfides may occur 
locally even in relatively large masses* in hydrothermally 
altered pegmatites of granitic composition, they appear to be 
more widespread and abundant in pegmatites whose com- 
positions range from quartz dioritic to quartz monzonitic. In 
several districts, with which the writer is particularly familiar, 
such as those of some of the southeastern states and those of 
Montana where relatively few pegmatites of true granitic com- 
position occur, sulfides, particularly pyrite and pyrrhotite, 
are moderately abundant and form the most characteristic and 
widespread element of the hydrothermal accessory mineral 
suite. In these quartz diorite, granodiorite, or quartz mon 
zonite pegmatites, the hydrothermal phase is almost invariably 
subordinate and restricted in the variety of its mineral com 
ponents. Usually absent are such “typical” granitic pegma 
tite accessories as cleavelandite, beryl, lithium minerals, phos 
phates, and rare earth compounds. Dunham (1935) has de 
scribed similar pegmatites in the Organ Mountains, New 
Mexico, which are associated with quartz monzonite and contain 
a strongly developed terminal sulfide phase. Among the acces 
sories is diopside hedenbergite. 

Landes (1937) has contrasted the pegmatitic offspring of 
granitic magmas with those of intermediate magmas and has 
concluded (p. 559) that the latter “during their crystallization 
sequence pass through a minor pegmatite phase before enter 
ing the hydrothermal phase.” This may be true in many dis 
tricts but cannot be accepted for this magma type as a whole. 
Certainly in the districts cited above, which embrace relatively 
large areas and large intrusive bodies such as the Whiteside 
quartz diorite-granodiorite and the Boulder batholith there 
are strongly developed pegmatites of intermediate composition 


*Note, for example, the occurrence of a six-foot chalcocite pod in the 
Mica Lode pegmatite, Eight Mile Park, Colorado (Heinrich, 1948, p. 564) 
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with a weak hydrothermal sulfide phase. Possibly the difference 
between the two magma types is partly only apparent and 
stems from: 


1. Lack of quantitative data on the bulk composition of 
pegmatites. Many so-called “granitic” pegmatites, on 
close analysis, have been found to contain considerable 
primary plagioclase. 

Lack of interest in pegmatites poor in spectacular 
hydrothermal minerals, as the intermediate pegmatites 
commonly are. 

The level to which erosion has exposed the district. This 
may determine to some extent whether veins or pegma- 
tites crop out in abundance. Presumably those districts 
eroded to deeper horizons would show pegmatites in 
greater numbers. 
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CUBIC PSEUDOMORPHS OF QUARTZ 
AFTER HALITE IN PETRIFIED WOOD 


LLOYD W. STAPLES 


ABSTRACT. A portion of the Sweet Home, Linn County, Oregon, 
petrified forest east of the town of Holley has yielded petrified wood 
which is unique because of its inclusions. These inclusions are white or 


gray cubes, some more than six millimeters in size, consisting of 
1 mosaic of quartz. They are found in Platanus, the sycamore, and 
more commonly in large concentric tubers which lack the cross grain due to 
wood rays. Many quartz cubes have hollow centers which are square in 
cross section. Some of the cubes are modified by the octahedron. 

A study of the replacement leads to the conclusion that the quartz is 
pseudomorphous after skeletal halite crystals. The presence of high 
concentrations of sodium chloride, necessarily prior to the petrifaction 
of the wood, indicates the probable existence of a marine lagoon, in this 
case most likely during the Oligocene epoch. The generally iecepted 
conclusion that hopper-shaped or skeletal halite develops only on an 
evaporating surface is refuted by this occurrence because the halite is 
distributed all through the wood. 


INTRODUCTION 


N the region adjacent to the town of Sweet Home in Linn 

County, Oregon, there is a large area containing petrified 
wood. The exact size of the area is not known, but the largest 
concentrations of petrified wood are distributed over some 
20 square miles. Petrified wood is common in the Willamette 
Valley but in the Sweet Home area there is an occurrence which 
is unique in that some of the specimens contain inclusions of 
quartz which are cubic in shape (pl. 1, fig. 1). The best speci 
mens are to be found in a small area about 114 miles east of 
Holley. A study of the inclusions, which are pseudomorphs, was 
made in order to determine their genesis and to throw some 
light on the geological conditions existing at the time of their 
formation. 

The presence of inclusions in petrified wood has been noted 
by several investigators. Probably the most unusual inclu 
sions previously described are the small elongate objects with 
hexagonal cross-sections found in opalized wood from Santa 
Maria, California, which Rogers (1938) explained as excreta 
of termites. Another type of inclusion, common in many 
Oregon localities, consists of tube-like bodies of chalcedony 
formed by filling of borings left by a species of Teredo. Mate- 
rial with nicely banded chalcedony in the borings, such as that 
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found east of Roseburg, Oregon, on the North Umpqua river, 
is in demand by mineral collectors. The pseudomorphs de- 
scribed in this paper are of neither of the above-mentioned 


types and are quite certainly inorganic in origin. 
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SWEET HOME FOREST 


The Sweet Home petrified forest has received very little 
attention. Dake (1940) noted the occurrence and described 
some of the best spots for observing the trees. Beck (1944) 
studied some of the wood and reported the probable presence 
of oak, sycamore, alder, beech, and a conifer which apparently 
was T'rochodendron, Beck was amazed at the large number of 2 
hardwoods present and he was convinced that many of the 
trees must have become extinct and left no living counterparts. 

All of the fossil woods studied from the Sweet Home area 
are silicified, quartz and chalcedony being the replacing min- 
erals. Opal seems to be almost entirely lacking. In most speci 
mens, the original wood structure is beautifully preserved. 
All of the wood containing the inclusions to be discussed was 
found as float, although in several areas petrified trees up to 
six feet in diameter are found in place. All of the observed 
trees were embedded in tuff or agglomerate. No pre-Tertiary 
formations are known in the area and it is safe to assume that 
all of the woods are of Tertiary age. Recent finds of excellently 
preserved leaves, closely associated with the petrified ,trees, 
make this an unusually good locality for a study of Tertiary 
flora. Work of this type is now underway. 

No attempt was made to study the generic distribution of 
the petrified wood devoid of quartz pseudomorphs; the fol- 
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lowing discussion is concerned only with those relatively rare 


specimens which contain the cubic inclusions. 

The term “petrified wood” used throughout this paper 
requires some qualification. Most of the specimens, some up 
to 20 cm. in diameter and containing quartz pseudomorphs, 
show no evidence of longitudinal grain (long fibers) or cross 
grain due to wood rays. From study of sections of this mate- 
rial, Beck’ concluded that it was not true wood but the petri- 
faction of some type of concentric tuber. In general, geologists 
in using the term “petrified wood” do not attempt to draw a 
fine distinction between true woods and pith-like or tuberous 
plants. In this case, further search yielded some material, with 
quartz pseudomorphs, which permits proper use of the term 
“wood.” A specimen from a tree which was probably about 
15 cm. in diameter showed distinct rays. According to Beck,’ 
the wood is a “diffuse porous hardwood with compound rays” 
and most likely is that of Platanus, the sycamore. Platanus has 
been found before in the area, although this is the first time 
that it has been seen to contain quartz pseudomorphs. Petri 
faction of the wood has also taken place by replacement of the 
wood with quartz. 


DESCRIPTION OF QUARTZ PSEUDOMORPHS 


As shown in the illustration (pl. 1, fig. 2), the quartz pseudo- 
morphs are square or nearly square in cross section and in 
three dimensions are usually equidimensional or cubic. The 
frequency with which true cubes, rather than malformed ones, 
are found leaves little doubt that the replaced mineral was 
cubic. In the specimen of Platanus mentioned above it was 
found that some of the square cross-sections had truncated 
corners. Because this might have been produced by modifica- 
tion of a cube by either a dodecahedron or an octahedron, 


search was made for complete crystals in order to determine 
the correct interpretation. Several complete crystals were 
found, and on these the modification was observed only at 
the cube vertices, indicating that it was due to the octahedron. 
This accounted for the fact that many of the sections of the 
cubes failed to show the modification. The presence of the 
octahedron is significant in increasing the evidence that the 
modified form was isometric. 
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Many of the crystals are skeletal, the cubes having hollow 
centers. The cavities usually appear as square holes on a cube 
face and many of them are partly filled with euhedral quartz 
growing inward from the walls of the skeletal cube. 

The arrangement and orientation of the quartz pseudo- 
morphs are striking. The crystals are massed along the outer 
edge of the wood, often making it difficult to see the original 
structure of the bark, if any were present. Closer to th: 
heart of the wood the cubes are more widely dispersed and 
consequently can be studied better. The annular rings spread 
around the cubes, indicating that the original cubic mineral 
had sufficient crystallizing force to induce the spreading (pl. 
2, fig. 4). In sections of the wood cut either transversely or 
longitudinally, almost all of the sections of the cubes are square 
or rectangular, and only occasionally are triangular sections 
found. This indicates that most of the cubes in these sections 
are cut perpendicular to a 4-fold axis rather than perpendi 
cular to a 3-fold or 2-fold axis and shows a preferred orienta- 
tion of the cubes. This orientation may well be governed chiefly 
by the annular rings. Also of interest, but not easily explained, 
is the fact that the cavities in the skeletal crystals are parallel 
to the longitudinal axis of the wood. 


DETERMINATION OF REPLACED MINERAL 

The cubic crystal form implies that quartz replaced an iso- 
metric or pseudo-isometric mineral. Although there is some 
malformation of a few cubes it is not sufficient to cause one 
to think that the original crystals could have been rhombo- 
hedrons, such as those described by Adams (1920) where 
dolomite replaced wood. 

Some of the most common minerals to be found in cubes are 
pyrite, fluorite, galena, and halite. In addition, anhydrite and 
quartz are sometimes found pseudo-cubic. The possibility of 
the original mineral being quartz with a large development of 
the rhombohedron (rr’ = 85° 46’) giving a pseudo-cubie ap- 
pearance can be disregarded, since aside from the fact that 
modification by the octahedron has been observed, it is unlikely 
that the original quartz crystal would be replaced by finer 
grained quartz. Fluorite in distinct separate crystals would 
not be expected to occur in petrified wood and there is no 
known source for the fluorine in this area. Likewise there is 
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no evidence of lead minerals in the area, and there is no reason 
to believe that the quartz is pseudomorphous after galena as 
described by Emerson (1896, p. 139) from Massachusetts where 
hollow cubes were found with the quartz in parallel ridges due 
to penetration into the cleavage planes of the galena. Limonitic 
stains are generally absent and there is no evidence to indicate 
the former presence of pyrite in the wood. Also, as will be 
shown, the quartz definitely is a replacement and not merely a 
cast due to filling of the impression left by the removal of 
original material. Consequently it cannot be assumed that 
pyrite was removed and quartz later filled the void. 

The two most likely minerals to be replaced to yield the 
quartz pseudomorphs are anhydrite and halite. Only occa 
sionally does anhydrite occur in euhedral crystals, but it may 


do so and assume a pseudo-cubic habit when the pinacoids 
q are the dominant faces. Rarely, also, anhydrite is pseudo 
morphous after halite and therefore in cubes, but there is 
no evidence of this replacement. From a_physical-chemical 
standpoint it would be possible for anhydrite to form under 
the conditions which probably existed at the time of the forma 
tion of the cubie « rystals. Although usually anhydrite crystal 


lizes above 66°C, with gypsum forming below this tempera 
ture in pure solutions, it is known that if considerable NaCl 
is present in the solution the critical temperature for the crys 
tallization of anhydrite may be as low as 25°C. In spite of 


the fact that it would have been possible for anhydrite to form, 
there is no positive evidence to indicate that this mineral ever 
existed in the wood. 


All of the evidence obtained from a study of the pseudo 
morphs leads to the conclusion that the quartz is pseudo 
morphous after halite. The strongest confirmation of this 1 


the fact that the original mineral often occurred in skeletal 
or hopper-shaped crystals, a habit which is typical and com 
mon only in halite, among the minerals considered above. 

The term ‘hopper-shaped” as applied to skeletal crystals 


of halite has attained ve ry general usage, but as a result of 


EXPLANATION PLATE I 


Fig. 1 Quart seudom rph standing in bold relief on surface of 
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never having been carefully defined, many different skeleta! 
types are included. The word “hopper” usually refers to a 
funnel-shaped container and consequently it would seem logical 
to confine the term “hopper-shaped” to those skeletal crystals 
which have funnel shaped cavities. There are two general types 
that fulfill this requirement. The type which is usually pic 
tured in mineralogy textbooks (Dana, 1892, p. 154) is a 
cube with an inverted pyramidal depression which descends 
by steps on each cube face. Another type consists of a single 
“hopper” presenting a V-shaped cross section and is due to 
the offsetting of the cube units during growth. This is the 
type described by Mendeleeff (1891, p. #16), “the salt often 
separates out on the surface as cubes, which grow on to each 
other in the form of pyramidal square funnels.” In many cases 
it is difficult to determine whether the internal cavity is funnel 
shaped and the general term “skeletal” is preferable under 
these circumstances. In the case of the quartz pseudomorphs 
described here, the original halite was of the single cavity type 
with a square surface opening and a cavity that closed at the 
bottom. Any step-like character of the walls of this cavity is 
now hidden by a coating of small euhedral quartz crystals. 
However, there is little doubt but that the halite was of the 
second type of hopper crystal mentioned above, that is, the 
single hopper. Further evidence of this is the offset in the 
crystal walls, so characteristic of this type of crystal growth. 
A comparison of a skeletal crystal of halite with a quartz 
pseudomorph removed from the petrified wood is shown in 
plate 2. fig. 3. It is to be noted that the cavity in the center 
of the quartz pseudomorph produces a square opening on 
the cube face, just as is the case with the skeletal halite 
crystal. The presence of the square central hole is evidence 
that the quartz replaced the halite rather than filling the 
EXPLANATION OF PLATE 2 


Fig. 1. Photomicrograph of quartz pseudomorph showing alignment of 
quartz normal to edges. Crossed nicols, X 25 


Fig. 2. Quartz pst udomorph with quartz aligned parallel to edge. 
\rrangement probably determined by original cleavage of halite. Crossed 
nicols, X 25 

Fig. 3. Comparison of quartz pseudomorph from petrified wood 
(above) with skeletal halite erystal (below), X 5. 


Fig. 4. Section of petrified wood with quartz pseudomorphs showing 
spreading of annular rings by halite before pertification, X 1 
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cavity as a cast, since in the case of partial cavity filling a 
circular or irregular void would be expected. A study of many 
thin sections gave further evidence that the replaced mineral 
was halite. Plate 2, fig. 2 shows sharp breaks parallel to the 
cube face, with anhedral quartz crystals arranged in rec- 
tangular blocks. This is probably evidence of the cubic cleavage 
of the halite. In other examples (pl. 2, fig. 1) the quartz is 
aligned normal to the cube face and produces a striking 
orientation. 

Burt (1929) described some petrified wood from Brazos 
County, Texas, in which silica was pseudomorphous after 
either pyrite or halite. Dr. H. B. Stenzel, University of Texas, 
kindly made a specimen of this material available for study. 
Unlike the Holley petrified wood, the pseudomorphs occur 
only on the surface of the wood, occupying the position of the 


bark. Moreover, as pointed out by Burt, the evidence is incon- 
clusive as to what the replaced mineral might have been. Not 
only pyrite or halite suggest themselves, but even fluorite is a 
possibility. 

The literature contains numerous references to pseudo- 
morphs after halite by minerals other than quartz. Obenauer 


(1930) describes pseudomorphs of gypsum after large dis- 
torted cubes of halite (15 x 12 x 8 em.) in a clay pit at Saar- 
brucken. Emerson (1896, p. 144) mentions calcite pseudo- 
morphs after halite in the Triassic shales of Massachusetts, at 
one time mistaken for chiastolite. Hopper-shaped cavities have 
been described by Hawkins (1928) from the red Triassic 
shales of New Jersey, and both Dropsy (1938) and Merritt 
(1936) described hopper-shaped casts of dolomite after halite, 
from France and Oklahoma respectively. Shrock (1948, pp. 
146-149) cites several other references to pseudomorphs after 
halite in sediments and discusses their value in determining 
the top and bottom of beds. Although quartz pseudomorphs 
after halite in wood are rare, it is evident that pseudomorphs 
after euhedral and hopper-shaped halite are relatively common 
in nature. 


CONDITIONS FAVORING FORMATION OF HALITE 


As there can be little doubt that the replaced mineral was 
halite, the question arises as to the unusual conditions which 
existed prior to the petrifaction. The portion of the forest 
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in which the trees lived must have been covered to some extent 
by water with a high NaCl content. Such saline bodies might 
have been salt lakes or salt pans due to evaporation under 
conditions of internal drainage, saline crater lakes, salt springs, 
or they might have been arms of the sea cut off and forming 
lagoons or saline estuaries. There are no known saline strata 
in the Holley area that might produce local salt springs so 
this method of bringing in the salt is unlikely. Nor is there 
evidence of saline voleanic craters in the area although extru- 
sive and pyroclastic rocks are common. The most probable 
environment for burial of the trees was either in a salt lake or 
marine lagoon. Direct evidence confirming either of these latter 
conclusions is lacking. 

As has been mentioned, the Sweet Home forest has many 
petrified trees in situ, but unfortunately none of these exam- 
ined contains the quartz pseudomorphs. The exact source of 
the wood containing the pseudomorphs although not known is 
probably not far away, because the occurrence is limited to a 
small area. This locality at Holley is just east of the line 
which marked the eastern edge of the Oligocene sea according 
to Lowry (1947). Vokes and Snavely (1948) in studying the 
fossils in a quarry 12 miles due west of Holley found in the 
fine tuff along with abundant marine Oligocene fossils, well pre- 
served imprints of what they interpreted as halite crystals. 
They considered the presence of the fossils and halite imprints 
in the same deposit as evidence of shoreline conditions. These 
observations strengthen the possibility of the wood at Holley 
having undergone inundation in an arm or lagoon of th 
Oligocene sea. 

Dunbar (1924) described an association of halite and 
petrified wood in Kansas, which, although not strictly analogous 
because the halite and wood are not together, indicates an 
environment that mght have been similar in some respects to 
that at Holley. According to Dunbar, the Permian Wellington 
shales at Insect Hill near Elmo, Kansas, contain a bottom 
zone of shale with calcareous bands that had salt “hoppers” 
in them, up to 10 inches across the face. Over this is a black 
shale with scores of silicified stumps, and above this a marly 
limestone containing well-preserved insects. Dunbar interprets 
this occurrence as due to first, a marine body of water sur 
charged with NaCl, second, temporary emergence permitting 
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the growth of trees in a swamp, and third, submergence again. 
This took place along the eastern margin of the Kansas sea, 
ind pave rise to “dead sea” and lagoonal conditions. 

At Holley, the occurrence of considerable tuff and basalt 
indicates volcanic activity along with the marginal sea con 
ditions. Assuming that the wood with pseudomorphs was 
originally enclosed in tuff, similar to the wood in place, it 
seems probable that the trees grew in swamps not far from the 
Oligocene coast, and that they were submerged in a shallow 
lage on in which NaCl became concentrated. During this stage 
the trees were killed and the halite crystallized in them. Vol 
can ash WHs the n dk posited in the lagoon, completely envelop 
ing the trees. 

The presence of pyroclastic material closely associated with 
the petrified wood indicates the possibility of hot water being 
important in the silicification of the wood. The fact that sil 
icification is entirely by crystalline or cryptocrystalline silica 
rather than opal also tends to indicate a higher temperature 
for the silica-bearing solutions. In this connection it is inter 
esting to note that NaCl is one of those rare salts whose solu 
bility in hot water is not appreciably greater than in cold 
water and consequently removal of the NaCl would not be 
greatly hastened under these optimum conditions for the trans 
portation of silica, 

The mechanics of the formation of the halite crystals in 
the wood is interesting. Without doubt the crystals formed 
hefore petrifaction started, as indicated by the spreading 
apart of the wood fibers and by the replacement both of the 
wood and the halite by. silica. 

It seems probable that the halite crystallized after the plant 
died, even though there is ample evidence in nature of living 
plants taking salts from the soil and concentrating them. 
Grabau (1920, p. 247) gives as examples of the latter the Ar 
gentine jume or saltwort, the ashes of which vield 19% NaCl. 
In the Nebraska Sand Hill region the NaCl content of some 
lakes is up to 40 NaCl and this has been explained as due 
to leaching of burned plants (Grabau 1920, p. 259). Although 
salts may form as a crust on the plant, actual crystallization 
of larger NaC! crystals within the plant such as occurs in the 
Holley wood is not known. 


An excellent ex umpl of dried wood absorbing salt solutions 
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is seen at present on the Bonneville Salt Flats on the western 
shore of Great Salt Lake, Utah. Here according to Dr. Orlo 
Childs” salt water moves up into the bases of telephone poles 
and crystallization expands the poles until they burst. The 
mechanics of the movement of the salt solutions up the poles 
is not known but the fact that the poles are dry and strong 
above 3 or + feet indicates a limiting factor such as the force 
of capillarity. Capillarity can satisfactorily account for a 
rise of this magnitude. 

In the case of the Holley petrified wood, the concentration 
of the halite crystals near the bark indicates that the salt 
solutions were absorbed from the periphery rather than rising 
through the center. The even distribution of the crystals 
around the periphery proves that the trees were completely 
covered at the time of halite crystallization and solutions had 
access from all sides. 

There can be little doubt that the crystallizing halite had 
sufficient strength to force the plant tissue apart as shown in 
the specimens here described. Becker and Day (1905) con 
cluded from a study on crystallization of alum that its crys 


tallizing force is of the same magnitude as the resistance which 


the crystals offer to crushing stresses. Harris (1909, p. 23) in 
applying these observations to halite determined that a 4-inch 
cube withstood a confined pressure of 50,000 pounds without 


even cracking. It might be assumed that a hopper-shaped 
crystal would not have great crystallizing force, but in the 
experiments of Becker and Day the face of the erystal in con 
tact with the lower surface of the vessel was found to be 
a terraced cup form and the pressure exerted by the erystal 
was distributed along a thin edge throughout its growth. 
It is evident then, that a pulpy or rotten condition of the 
wood was not necessary to explain the forcing apart of the 
annular rings because ample strength of crystallization of 
halite could account for the phenomenon. This, of course, does 
not preclude the possibility that some softening had occurred, 
but the retention of delicate radial and growth structures in 
some of the specimens indicates that decay had not advanced 
far. 

The formation of hopper-shaped crystals of halite was ex- 
plained by Mendeleeff (1891, p. 416) as occurring in the upper 
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layer of a brine with subsequent sinking and continued growth 
at the surface of the brine. Mellor (1922, p. 529) states “When 
the crystals form on the surface of evaporating brine, dis- 
tinctive hopper-shaped crystals resembling hollow quadrilateral 
pyramids are developed; the inner surface appears to bx 
arranged in a series of steps.”” Hopper-shaped halite crystals 
have generally been assumed to indicate that evaporation of 
the NaCl solution took place at the surface of the solution 
in contact with air, or in the case of halite in clay, the solu 
tions evaporated on mud surfaces. The occurrence described 
here is interesting in that it indicates skeletal or hopper-shaped 
crystals can form under very different conditions, with com- 
plete confinement. 

Considerable work has been done on the subject of habit 
variation in crystals, and halite has been used in these studies 
probably more often than any other mineral. It has long been 
known that halite grown from solutions containing urea 
exhibits a preferential growth of the octahedron rather than 
the usual cube. The importance of impurities in the solution 
has been demonstrated by Egli (1949, p. 272) who found that 
small amounts of impurities actually produce larger and 
better crystals of halite than pure solutions, while larger con 
centrations of impurities frequently modify the crystal habit. 
Retgers (1892, p. 270) showed that if a solution is thickened by 
the addition of gelatine, dextrine, or glycerine, the growth of 
skeletal crystals of NaCl is promoted. In the case of skeletal 
crystals of NaF, Frondel (1940, p. 346) found that a low OH 
ion concentration aided their formation. Experiments which 
may have a bearing on the Holley occurrence were performed 
by Royer (1930, p. 190) who found that modifications of crys 
tals, especially to forms of lower symmetry, were produced by 
brown solutions from peat which were rich in humic materials. 
Although we cannot be certain of the chemical composition of 
the solutions from which the halite crystals formed at Holley, 
it seems probable that impurities in the form of humic acids 
might readily account for the anomalous occurrence of skeletal 
halite crystals within the wood. 


CONCLUSIONS 


A study of petrified wood with cubic inclusions from Holley, 
Oregon, has established the fact that the inclusions are quartz 


‘ 
| 
| 

| 

4 

: 

| 
ghee 


Quartz After Halite in Petrified Wood 135 


pseudomorphs after halite. The presence of halite crystals in 
wood, which later underwent petrifaction, permits interesting 
speculation concerning the conditions at the time of growth 
and later preservation of the trees. Probably during Oligocene 
time the trees were inundated by a shallow marine lagoon and 
enclosed by a fall of voleanic ash. High salinity of the lagoon 
caused crystallization of NaCl in the tree stumps and silicifica 
tion of both the halite and the wood took place, beautifully 
retaining the structure of both. 

The NaCl solutions were probably carried into the wood by 
capillarity and there was some orientation of the halite, gov- 
erned by the annular rings. The formation of skeletal halite 
crystals usually takes place at evaporation surfaces and their 
presence deep within the wood requires special explanation. 
There is a possibility that organic compounds within the wood 
were responsible for the unusual habit. 

This occurrence is of interest because of the fine preservation 


of the halite crystal habit in the quartz pseudomorphs and 


because the data obtained from studying the material aid in 
reconstructing a picture of the environment of petrification. 
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GULLIES FORMED BY SINKING 
OF THE GROUND* 


A. F. BUCKHAM W. E 


COCKFIELD 


ABSTRACT. Rubey (1928) suggested that many 


gullies in semi-arid 
regions are formed by sinking of the ground, and not by surface erosion. 
He postulated a mechanism involving washing out of fine material, and 
development of subsurface tunnels, followed by caving He had no direct 
evidence of this mechanism. The writers studied an occurrence where the 
tunnels and other features could be seen, thus confirming Rubey’s theory. 


They describe the occurrence, and offer observations on this little discussed 
method of erosion 


WO decades ago Rubey (1928) proposed a theory of the 
origin of the flat-floored scarp-bordered valleys common 
in the arid and semi-arid western plains. He described how 


these gullies show at their head crescent-shaped cracks whose 
“horns” 


point down slope, the cracks becoming scarps one 
half to four feet high a little below the head.’ The “horns” of 
the crescents in places extend into subparallel cracks border 


ing the gully floor, and elsewhere curve in and join, making 


elliptical depressions whose maximum diameter ranges from 


four to fifteen feet. These features, which indicate a movement 
of near surface material chiefly vertical but also slightly hor 
izontal, persist for as much as a mile down the gully. Beyond 
this the effects of surface erosion become perceptible but for 
several thousand feet farther down the valley sinking of the 
gully floor, not surface erosion, is the chief factor in valley 


growth. The elliptical depressions deepen by continued sinking, 
and “coalesce by concentric cracking, tunneling and headward 


erosion until they become a loosely connected chain of pits or 


water-holes similar to the lines of water-holes common through 
out the semi-arid west.” Rubey adduces further evidence that 
suggests sinking is effective still lower in tributary gullies, and 
also in the main streams, but that its effects are masked by 
those of surface erosion. 

The explanation of the process is uncertain although clearly 
due to ground sinking. The observed features indicate “that 

* Published by permission of the Director, Mines, Forests and Scientific 
Services Branch, Department of Mines and Resources, Canada 


‘Sharpe (1938a) has illustrated these phenomena, and applied the 
term “stepped crescents” to them, later (1938b) stating that they 
common on the High Plains from Texas to Montana 
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the movement of ground-water and soil particles is downward 
for a few feet and then, presumably at a temporary water 
table, virtually horizontal.” Rubey suggests, although he has 
no direct evidence of it, the following. A “process of washing 
out of material seems to the writer the best explanation of the 
elliptical depressions and perhaps of the vertical scarps also. 
In loose sandy soils with a low water table and in soils deep! 
cracked by repeated droughts, percolating water would carry 
with it the finer clay and silt particles and eventually develop 
small passageways. Miniature tunnels would form just below 
the temporary ground-water level of the rainy season, and 
once started, the effects would be cumulative. As these small 
passageways grew, more vigorous subterranean erosion and 
transportation would be possible. Subsidence of the roofs over 
the tunnels would develop surface depressions which would 
concentrate rain water and intensify percolation and erosion 
Loose wet soil would gradually move in from both sides to fill 
the tunnels and the ground would sink, perhaps as a flat gully 
floor. That is, the soil would creep to the middle of the gullies 
to fill the tunnels, thus causing the sod at the margins of the 
moving mass to crack, and the ground inside the margina! 
cracks might sink evenly. In turn, cracks formed by soil creep 
would localize percolation and thus start new tunneling.” 

No new evidence bearing on the subject appears to have 
been published until the writers’ description of just such a 
system of sink-holes and tunnels as was postulated by Rubev 
(Cockfield and Buckham, 1946). They were not then aware 
of his paper, and recently came upon it by chance. Since th 
process he postulates may be of some importance, and since the 
connection between the two papers is not obvious, it is cor 
sidered worth while to summarize briefly our findings. 

The features seen were studied at Kamloops, British Colum 
bia, (51 N, 120 W). This part of British Columbia has an 
arid climate but is subject to torrential rains of brief duration, 
which causes local flooding, and much local rapid erosion. The 
features occur in a Pleistocene deposit known as the “White 
Silts,” horizontally bedded, vertically jointed, uncemented 
material whose particles are angular, 0.01-0.06 mm. in diame 
ter, and composed chiefly of feldspar and quartz. Where 
studied the silts occupy prominent terraces on either side of 
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South Thompson valley, the tops of the terraces being about 
0.4 mile wide and standing 300 to 400 feet above the main 
valley bottom. The terraces have been thoroughly dissected 
by numerous branching gullies, with steep to vertical walls, and 
floors of considerable width. The floors are nearly flat trans 
verse to the gully, but have considerable grade downstream. 
In the main gullies a narrow, vertically walled trench has been 
excavated in the valley floor and carries the main run-off. 
Thus both climatic and topographic features here are similar 
to those described by Rubey. 

Numerous sink-holes occur in the silts. They are large 
funnel-shaped depressions, circular at the top, with varying 
diameters, fifty to one hundred feet being fairly common. 
Exceptionally they are as much as fifty feet deep, and usually 
each has a nearly vertical outlet three to five feet in diameter, 
connecting with a nearly horizontal underground passageway 
in places three to four feet high. They are most common near 
the edges of the steep slopes along the main gullies or at the 
terrace fronts. In many instances their outlets were found 
one-half to two-thirds of the way down the gully walls. They 
also develop along shallow gullies, as a line of depressions 
separated by comparatively narrow rims. With the collapse 
of such rims, a continuous gully is formed at the level of the 
underground passageway, when the whole process may be 
repeated, lowering further the gully bottom. Collapse com- 
monly gives rise to steep or vertical walls. 

The following method of formation is suggested for the 
sink-holes.” The silts have a certain amount of permeability, 
apparently quite variable from place to place. Water, at times 
of spring melting and after the infrequent storms, percolates 
into the silts and travels downward until it reaches a tem 
porary water table, when it travels more nearly horizontally 
until it reaches a point on a gully wall or otherwise returns to 
ground surface at a lower level. This forms a body of sat- 
urated silt, from the lower end of which water carrying silt 
emerges. Commonly a block of silt suddenly slides out, and 
a tunnel is formed running back into the silt body. It appears 


*H. S. Bostock, Geological Survey of Canada, in discussions with the 


writers contributed to their understanding of the formation of these 
features. 
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that a “free face” of some sort is necessary to initiate the 
process. Of course, once an underground passageway has 
formed it itself provides a free face throughout its length. 

We have, then, the surface water tending to disappear 
underground and travel some distance below the land surface, 
at first dropping steeply and then travelling more nearly hori 
zontally. At a free face, blocks of saturated silt drop out 
forming the beginning of underground channels which rapidly 
work their way inward from the point where the water dis 
charges from the bank or steep gully face. Once a passage 
way is opened up, water flows through it as a stream, much 
more freely than when it was percolating through the silt. 
The silt, because of its extremely fine grained character, is 
readily carried in suspension by the stream. The stream 
greatly increases the rate of erosion and the underground 
channel is thus enlarged until the roof can no longer support 
the load and parts of it fall in. There are thus formed one or 
more funnel-shaped depressions, which in turn serve to collect 
more water from the surrounding area and pass it into the 
underground system. As the process continues the rims between 
adjacent sink-holes collapse, thus forming a continuous gully. 

It should be pointed out that the White Silts were first 
studied by G. M. Dawson in 1877 and since that time much 
geological work has been done in the area. Nevertheless, the 
presence of the sink-holes was not noted until the writers’ visit 
in 1945. It may be that closer search in the High Plains region 
of the United States will reveal other occurrences of these 
features. Probably they would be most easily recognized in the 
more arid regions, since, at Kamloops, they are seen best 
where only precipitation falling on the terraces themselves is 
effective in eroding. Where water from higher slopes crosses 
the terraces, the features are, if present, obscured by the 
effects of stream erosion. It is possible that the process is also 
operative in more humid regions than those here discussed, but 
that its results are completely masked by those of stream 
erosion. 

Very similar features, for which an explanation substan- 
tially the same as the foregoing is given, are found in the loess 
areas of China. They have been described by Fuller (1922 
The White Silts bear strong resemblances to loess in their 


composition, in some textural features, and in the physio- 
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graphic forms which they assume. The well-known occurrence 
of extensive deposits of loess, and of other wind-blown material 
in the Great Plains and adjacent areas of the United States 
is a suggestive parallel. Whatever the origin of the materials 
in which these features form, it is felt that the peculiar nature 
of the silts had much to do with the formation of the sink-holes 
at Kamloops. It is considered that studies of the composition 
and physical properties of the materials in which such features 
occur will be of importance in further elucidating the problem. 

A process postulated by Rubey to account for the formation 
of certain gullies, not actually known by him to occur, has 
therefore been seen and studied; that such a process will pro- 
duce the given results, has been confirmed. Neither the writers, 
nor Rubey, contend that this is the only way in which gullies 
may form under the stated conditions. They do contend that 
it is one way, and possibly an important way, in which such 
gullies may be formed. 
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WHAT TO EXPECT FROM A STANDARD 
SPECTROCHEMICAL ANALYSIS OF 
COMMON SILICATE ROCK TYPES 
L. H. AHRENS 


ABSTRACT rhe minor constituents like ly to be detected and determined 
by a standard spectrochemical analysis of common silicate rock types ar: 
discussed and tabulated 


petrologist is well aware of what to expect from a 
A standard chemical analysis of a rock, but nowadays 
he may also be interested in the possibility of having the so 
called minor elements determined as well, for which purpose a 
spectrochemical analysis 1s frequently emploved. Many pet 
rologists are not, however, familiar with the geochemistries of 
the minor elements and are not likely to know, therefore, which 
of these rarer elements are likely to be present in quantities 
greater than merest traces, say 0.001-0.0001 ; or if they 
are informed in this respect, they may not be acquainted with 
the spectral sensitivities of these elements. In any event, most 
petrologists submitting a rock specimen to a spectrochemist 
for a standard minor element analysis, are not likely to know 
what to expect from the analyst, nor what to ask of him, and 
this note has been prepared to aid them. 

It is assumed that the spectrochemist has at his disposal a 
reasonably large spectrograph, because, as a result of the 
complexity of spectra emitted from rock specimens, an instru 
ment of small dispersion would be capable of handling only a 


small number of elements. Further, if a microphotometer is 


available, a greater quantitative accuracy will be possible. 
Without this instrument, quantitative estimates are made 


visually and tend to be more semi-quantitative ; however, if th 
petrologist is informed by the analyst that he has no micro 
photome ter at his disposal, this should not make him feel sus 
picious of the results because experienced operators have prac 
ticed eves and are capable of reporting reliable estimations, 
usually within ©30-40 

Some laboratories may undertake some chemical pre 
enrichment of the specimens prior to making a spectrochemical 
inalysis. Such procedures involve working up of relative lv larg 


quantities of rock, and very many rare minor elements can 
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Ahrens 


thereby be concentrated sufficiently to above their limits of 
spectral detection. This discussion does not include such pro- 
cedures, because there is almost no limit to which such enrich- 
ment procedures can be carried, and the data are confined, 
therefore, to a so-called standard analysis, namely, an analysis 
of the rock as submitted. Two common rock types have been 


Element 


off 


volatile 


elements 


TaBLe 1 


(a) Granite 


*Uusually not detectable. 


the source 


selected—a granite type and a diabase type-—and the data 
given below may be regarded as typical of the minor elements 
that can be detected in the commoner silicate rock types, and 
also, as typical of the magnitudes of the quantities that are 
usually present. The data have been selected from severa! pub- 
lications and are in part based on personal observations. 


Minor Constituents Which Can Usually Be Detected and 
Determined Spectrochemically 


(b) Diabase 


BeO 0.001 n.d.* 
ZrO, 0.1 0.003 
La,O, 0.005 n.d.* 
¥.0, 0.01 n.d.* 
Nd,O, 0.003 n.d.* 
BaO 0.2 0.005 
SrO 0.05 0.10 
Rb, O 0.05 n.d.* 
Cs,O 0.002 n.d.* 
Li,O 0.01 0.002 
Ga.O, 0.002 0.002 
PbO 0.003 0.0004 
NiO 0.0005 0,005 
CoO 0.0005 0.004 
Cr,O, 0.001 0.03 
V,0O, 0.0005 0.01 
Sc,0O, 0.001 0.003 
CuO 0.005 0.01 
GeO, 0.0005 ? n.d.* 
0.0003 n.d.* 
Cb.O, ? 0.01 n.d.* 
Ag.O n.d.* 0.0002? 
SnO, 0.01 n.d.® 
B,O, 0.0003 n.d.* 
F 0.2 0.02 


If a procedure which utilizes an auxiliary furnace to 
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employed as well, the following elements can also frequently 
be analyzed (Preuss, 1940): In, (TI), Bi, Cd, Zn, Hyg, Ge, 
Sn and Sb. 

No two spectrochemists are likely to be in complete agree 
ment about the elements they are capable of analyzing in 
common rock types, and in any case the facilities of no two 
laboratories are identical; consequently, the information given 
in table 1 is not to be taken very rigorously. Some operators 
may include a couple of extra elements, although this is 
unlikely, because the number of elements listed in table 1 
can be regarded as approximately a maximum, and some may 
find it impossible to detect a few: it has to be borne in mind 
also that several of these elements occur as traces which border 
very closely on the limits of spectral sensitivity of detection, 
and, as a result, some discrepancies are not surprising. In 
the main, however, it is felt that these results may be taken 
as reasonably accurate, and the petrologist should be rather 
wary of accepting results which either include several extra 
elements, or exclude many that have been listed in table 1, 


unless a reasonable explanation is at hand. For example, a 
granite relatively rich in orthite will undoubtedly contain 
detectable quantities of many rare earth elements in addition 
to Y, La, and Nd, and the presence of orthite would of cours 
he sufficient reason for expecting the detectable presence of 
such elements. As examples of the omission of elements, two 
examples are given: one analyst has reported the absence of 
scandium in certain ferro-magnesian minerals, and another. 


absence (< 0.001 ) of gallium and rubidium in graniti 


surprising report of the first analyst has since been shown 

to be in error (0.009% SeoOs was found) ; likewise the absence 

of gallium and rubidium—both omnipresent granite-like 

rocks-— conflicts very sharply with what is known about th 

geochemistries of these two elements, and the latter analysis 
with re spect to these two elements. 

quantitative analysis, it is not easy to state 

voy with which each constituent will be reported. As 


already noted, a standard deviation of about ©=30-40 is to 


be expected where purely visual estimates have been made of 


line intensities, but if a microphotometer is available, standard 
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deviations are likely to range from +4.0-+30%: much will 
depend on the particular procedure employed, but a standard 
deviation of less than +4.0%% is very uncommon. 


Rererence 


Preuss, 1940. Beitrige zur spektralanalytischen Methodik. II. Bestim 
mung von Zn, Cd, Hg, In, Tl, Ge, Sn, Pb, Sb and Bi durch frak- 
tionierte Distillation. Zeit. fiir angew. Min., vol. 3, No. 1, 8-20. 


DepakTMENT oF GroLocy 
Massacuvusetts or TecH NOLOGY 
Camprivor, Mass. 


| 
pene po} 


REVIEWS 


The Pulsation Theory of Variable Stars; by Svein Rossevanp. 
Pp vii, 152: 24 figs. Oxford, 1949 (Oxford University Press, 
£5.00 The very active advances curing recent years in the 
theoretical interpretation of stellar variability have hitherto been 
reported only in scattered form in the periodical literature. The 
need for a concise synthesis of this field has been well met by the 
present work by Professor Rosseland. He has done a _ valuable 
service to theoretical physicists and applied mathematicians in 
rendering accessible a subject containing many problems for their 
attack. 

The author's theme is the theoretical investigation of the radial 
pulsations of gaseous stars. After a brief introductory account of 
stellar variability and a statement of the hydrodynamical prin 
ciples involved, he summarizes investigations of the adiabatic os 
cillations of various stellar models with different degrees of cen 
tral condensation. Next he considers non-adiabatic pulsations, and 
questions connected with the stability of stellar pulsations. A fur- 
ther chapter treats the famous “phase lag.” Although a Cepheid 
variable which pulsates adiabatically should attain maximum 
brightness simultaneously with minimum radius, observation shows 
that greatest light actually occurs a quarter cycle later. No con 
clusive explanation is reached: the difficulty lies in the lack of 
observational tests to distinguish between alternative proposals. 

Probably the most important section of the book is Chapter VII 
on anharmonic pulsations, which contains many new results of 
Rosselanc. Here a qualitative explanation of the general asym 
metry of Cepheid light curves is given, and hope is offered for the 
eventual detailed interpretation of the fine-structure of Cepheid 
light curves. This chapter summarizes the important investigations 
by Woltjer on the resonance interaction between different modes ot 
pulsation, This work is an interesting application of the classical 
methods of celestial mechanies to a fresh field of usefulness. 

The author now turns to relaxation oscillations of stars, which he 
ipplies to novae and to the SS Cygni-type variables, but with a 
brevity that will disappoint some readers, 

(An attractive feature of Rosseland’s book is that, although his 
interests are chiefly theoretical, nevertheless his treatment main 
tains a close contact with the results of observation. The reader 
whose tastes are more largely observational may, however, wish 
that some topics less amenable to theoretical interpretation, such 
is Struve’s spectroscopic observations of Cepheids, and the period 


variations of cluster type variables, could have been considered. 
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One correction of minor importance may be noted: on p. 42, the 
period of binary motion for S Sagittae should be 682 days and not 
8.38; and Polaris deserves mention here as the best-studied case 
of a binary star system of which one member is a Cepheid. 

Because of its technical character, the book is suited to the 
specialist, rather than to the general reader. It must be regarded 
as a very valuable contribution to astronomical literature. 

JOSEPH ASHBROOK 

Introduction to Statistical Mechanics; by G. S. Rusuprooxe. 
Pp. xiii, 334. Oxford, 1949 (Oxford University Press, $4.25). 
The purpose of this book, intended, as it is, for readers “who, while 


of limited mathematical experience, [i.e. caleulus|] require, never 


theless, to appreciate something of the content and importance 
of modern statistical theories, especially in the field of physical 


chemistry,” invites a comparison with the recent work by Gurney 
(McGraw Hill, 1949) with the same title and aim. Although as 
suming approximately the same amount of mathematical knowledge, 
the two books differ considerably in their approaches. Gurney's 
treatment emphasizes the physical, intuitive presentation of familiar 
results, and pays relatively slight attention to the development 
of the reader's ability to cope with problems on his own. Rush 
brooke, on the other hand, although covering more or less the 
same applications as Gurney, is primarily concerned with method, 
and with the development, at least in rudimentary form, of the 
various techniques which are applied in even the most difficult 
problems. To assist the reader in developing his mathematical tech 
nique, an excellent selection of problems is included after each 
chapter. 

Although the fundamental concern of the book is with technique, 
the applications which have been chosen are generally of consider- 
able practical importance, and include the development of the 
Einstein theory ot specific heats, the Sakur-Tetrode equation, the 
thermodynamic properties of di- and polyatomic molecules, the law 
of mass action, the theory of phase transitions, the theory of the 
imperfect gas, and the theory of regular solutions. At the same 
time, he neglects such phenomena as Bose and Fermi statistics, 
which are of little interest to the physical chemist. 

The development of the subject is based upon quantum mechanics, 
and the existence of discrete states. The results of classical statisti- 
cal mechanics are obtained as the limits approached by the quantum 
mechanical formulae when the spacing of the states is very close. 
However, the reader who is willing to accept quantum mechanical 
results on faith will not feel handicapped by lack of previous ac- 
quaintance with the subject. 
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Perhaps the most outstanding feature of Rushbrooke’s presenta- 
tion is the clear analysis of the three major bridges between 
statistical mechanics and thermodynamics: the count of complexions, 
the partition function, and the grand partition function. These 
three major techniques are developed in a logical way which 
emphasizes the utility and limitations of each, and, while not be- 
coming morbidly preoccupied with the minutiae of rigor, clearly 
distinguishes between the mathematical approximations and the 
physical hypotheses necessary in practical applications of statistics. 

In summary, this book can be recommended as perhaps the best 
work available for the reader who really wishes to learn to under- 
stand and to use statistical mechanics. 


HENRY C. THACHER, JR. 


Chemismus und Konstitution; by Beano E:stert. Stuttgart, 
i948 (Ferdinand Enke Verlag, 39 German marks in paper, 41.50 
German marks bound).—In this volume Professor Eistert has sur- 
veyed the dependence upon structure of the properties and behavior 
of chemical systems. This has involved an excursion, in somewhat 
rapid strides, through the realms of atomic physics, molecular 
spectra, dielectric behavior, chemical bond theory, general optical 
phenomena, thermodynamics, kinetics, acid-base theory, complexes 
and electronic mechanisms in organic chemistry. 

Although the sequence of topics is excellent, and the general 
organization very thoughtful, the book is somewhat lacking in bal 
ance. The discussion of a few subjects, thermodynamics as an ex- 
ample, is brief to the point of being eryptic. 

Since it is furnished with a bibliography which is complete and 
remarkably pertinent, this book should serve as an intelligent out- 
line for a thorough study of all the material which it covers besides 
furnishing a very efficient introduction to most of the ideas presented. 


P. A. LYONS 


Subsurface Geologic Methods (A Symposium); compiled and 
edited by L. W. Leroy and Harry M. Crain. Pp. 826, 437 figs., 
$3 tables. Colorado, 1949 (Department of Publication, Colorado 
School of Mines, Golden, #7.00).—-Geologists and petroleum en 


gineers will welcome this symposium, written by 41 experts, as a 
readable survey of most of the techniques now being used in ex- 
ploratory subsurface work. The up-to-date discussions of subsurface 
laboratory methods touch on micropaleontology, detrital mineralogy, 
insoluble residues, thin sections, petrofabrics, screen and settling 
unalyses, X-ray analysis, core analysis, and thermo-analysis. The 
reviewer finds the discussions of most of these methods lucid and 
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complete. However, more specific data seem desirable in the micro- 
paleontology section on methods of recognizing and identifying 
important fossils that are valuable for age determinations and 
paleoecologie interpretations. Likewise, specific data on the micro- 
scopic recognition of various rocks end minerals would appear 
valuable. 

Subsurface logging methods are treated thoroughly and special 
attention has been given to the various mechanical logging methods 
including electric, radioactive, caliper, temperature, spectrochemical 
drilling time, and drilling mud analysis. The section on fluoro 
analysis includes an explanation of the conventional fluorologging 
and fluorographic exploration, the latter of which is a fluoroanalysis 
of soil samples. 

The chapter on miscellaneous subsurface methods should be 
particularly valuable to the geologists because it explains concisely 
methods of directional drilling, dip meter surveying, deep well 
camera, selective acidizing, various coring methods, core orientation, 
and the design and application of rock bits. In future editions the 
reviewer would desire brief explanations of drill stem testing 
techniques and gun perforating, both important items to the geol 
ogists. A non-technical discussion on mixing and maintaining drill- 
ing mud would also be helpful. It is suggested that the section on 
wax casts of pores in oil sands be expanded to include a discussion 
of plastic pore models of calcareous oil-bearing reservoirs. Further, 
it seems important to include a brief summary of the magnetic 
susceptibility method of separating granite wash from solid granite. 

The chapter on subsurface graphic representation is important 
and it may do much to standardize map and log symbols, log colors, 
and log abbreviations. The selection of illustrations on how to show 
geological data is good. The suggestions on contouring should be 
read by every petroleum geologist. It would seem desirable to add 
a section here on how to make logs and maps for executive use. 

A chapter on subsurface methods as applied to geophysics in 
cludes prospecting methods, basic principles, instruments, geolo- 
gical interpretations, and applications covering magnetic, gravity, 
seismic, and electrical methods. This should do much to aid co-ordin 
ation between geophysical and geological exploration. 

Sections on subsurface methods as applied to mining and civil 
engineering work are short but complete. Finally, a chapter on 
sources of subsurface information describes various well sample 
libraries and services available in the Midcontinent and Rocky 
Mountain areas. 

The reviewer believes that a brief selected list of references at 
the end of each unit of discussion would be valuable and an index 
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would add greatly to the usefulness of this very 


important 
SAMUEL P. ELLISON, JR. 


ology of the Southern Guadalupe Mountains, Texas; 


1948S. 
pp. vi, 183; 23 plates (13 of them folded, in pocket), 24 figs. 
Government Printing Office, Washington, $3.25 ).—This 


Vv 
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is an 
outstanding publication based on thorough field study and mapping, 
by a geologist who had the large advantage of extended acquaint 
ince with the general region. More than 20 years ago he began 
studies that led to description and interpretation of exceptionalls 
nteresting stratigraphy and structure in the Glass Mountains. 
the Marathon Basin, and other parts of the trans-Pecos region 
in western Texas. The present study of a critical area underlain 
by Permian rocks is of great value not only to geologists interested 
n problems of the immediate area, but also to students of geologic 
principles. In particular, any presentation of the principles of 
stratigraphy will find rich source material in this publication. 

Sedimentary rocks described and interpreted in the report were 
formed in and adjoining a structural basin of Permian time. Sand 
deposits in the basin merged and intertongued with calcareous 
deposits on a shelf area to the north. Near the margin of the 
shelf great reef deposits were built up; the thickest of these, th 
Capitan limestone. nearly 2000 feet thick, forms the abrupt cliffs ot 
El Capitan and Guadalupe Peak. This great mass changes laterally, 
within astonishingl short distances, into less resistant deposits 
that were contemporancous with the reef. Probably nowhere in 
the world are there finer examples of facies changes in ancien 
sedime ntary formations. Relations between intergrading and inter- 
tonguing rock types appear with diagrammatic clarity. 

Abundant invertebrate fossils in the formations also present 
a valuable study of facies. Lateral faunal changes reflect differences 
n environment; vertical changes indicate both changing environ- 
ments and progressive evolution of the organisms. Thus the bio 
stratigrapher has an unrivalled opportunity to combine studies of 
biofacies and lithofacies. 

The Guadalupe Mountains have a gradual slope eastward, with 
exterior drainage. On the west, descent is abrupt to an interior 
basin. Since the western front is marked by northwesterly faults 
of large aggregate throw. the mountain unit is a typical fault bloc! 
at the extreme eastern edge of the 


Basin and Range province. 
Several sets of faults make a remarkable pattern. The author 
also took observations on hundreds of joints, which in general 
conform to the pattern of ‘aults. No doubt interpretations of 


these fractures by students of tectonics will differ: but it is 
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important that the basic data are recorded on a chart, with addi 
tional information in the text. Thus students of tectonics also will 
find valuable source material in the report. 

Considerable space is devoted to description of land forms and 
related sedimentary deposits. An unusual and weleome feature 
of the peper is inclusion of five large folding plates, each depicting 
panoramic views in sketches made by the author. These excellent 
sketches give the reader a vivid appreciation of the principal 
topographic features of the area, and in a marked degree of the 
relation between these features and the bedrock geology. 

CHESTER R, LONGWELL 

The Ellenburger Group of Central Texas; by Preston E. Croup, 
Jr., and Vireir E. Barnes. The University of Texas Publication 
No. 4621. Pp. 474; pls. 45, figs. 8. Austin, 1948 (Bureau of Eeo- 
nomic Geology, paper bound $5.00, cloth 36.00).-The present 
report is the result of an extensive survey of the 800 to 1,800 feet 
of Lower Ordovician limestone and dolomite that crops out in the 
Llano uplift or Central Mineral region of Texas. The work was 
carried out cooperatively by the Texas Bureau of Economie Geol 
ogy and the United States Geological Survey, and the immediate 
purpose of the survey was to obtain information on possibilities for 
petroleum in the adjacent subsurface. Those who directed th 
work wisely insisted however that the study be extended to every 
aspect of the Ellenburger rocks and to the subjacent and super 
jacent formations, and the authors carried this program out with 
tenacious thoroughness. As a result, the report presents not merely 
conclusions on the economic possibilities, though these are not 
neglected, but also a great fund of basic scientific information on 
the Ellenburger, and it will be a fundamental reference for years 
to come. 

But the value and interest of the report will not be confined to 
those interested in the Ellenburger group in surface and subsurface. 
The survey raised several of the basic problems of the carbonate 
rocks, and the authors did not shirk the task confronting them. 
The 30-page section entitled “Lithogenic and paleoecologic specula 
tions’ contains, beside speculation, much pertinent fact and soundly 
reasoned inference. Another outstanding section is the 


“Glossarv 
of selected technical terms,” 


which is an important contribution 
to the vexed problem of the field description and classification of 
carbonate rocks. Indeed one of the excellent features of the report 
is the care and precision exhibited in the use of the terminology 
adopted. In places this terminology produces cumbersome writing, 
but the advantage of precision outweighs that defect. These two 


sections alone make the report a major contribution to sedimentary 
petrology. 
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\ notice of the book would be incomplete without mention of the 
illustrations. Twelve of the plates are geologic maps of various key 
areas, and 28 are large collotype plates, including ground photo- 
graphs, stereopairs from air photographs, and plates of typical 
fossils. The reproduction leaves nothing to be desired—except more 
plates. With this publication the state of Texas has set a new high 
standard for geologic reports, as to both form and content. 

JOHN RODGERS 


L'Eodevonien de lArdenne et des Regions voisines; by E. 
Asse_senous. Mem. Inst. geol., Univ. Louvain. Vol. 14, pp. 1-598, 
10 plates, 121 text figs., 1 large map in color. Louvain, 1946. 
This imposing volume is the summation of more than 20 years of 
work during which time Professor Asselberghs has made a regional 
study, in great detail, of the Lower Devonian formations as exposed 
in and about the Ardenne Range of Belgium and northern France. 
In this region the Lower Devonian varies in thickness from about 
9,000 to over 14,000 feet. All stratigraphic units are described in 
detail, correlations throughout the region are presented, and regional 
variations in thickness and related changes in facies are described. 
Faunas are listed, but fossils are not illustrated or described since 
the species are already so well known through the work of Mailleux. 
(American stratigraphers will be interested to note that although 
the Ardennes are near the classical region of Coblenz, the author fol- 
lows Gosselet in replacing the well-known Coblenzian stage by two 
stages. Thus the Lower Devonian is divided into three stages, the 
Gedinnian, the Siegenian, and the Emsian, listed in ascending order. 
A large map in color, on a seale of a Fy enables the reader 
200,000 
to follow the detail with ease, and facies changes, thickness, and 
structure are all effectively illustrated in the large fold-in plates. 
Dr. Asselberghs has produced a magnificent summary of a classical 
region of Devonian stratigraphy. CARL 0. DUNBAR 


ERRATA 


Through an unfortunate oversight, a halftone illustration 
was omitted from many copies of the January issue of the 
JourNnat when it was bound. This is figure 2 in the article by 
Ralph E. Digman entitled “An exposure of the Triassic eastern 
border fault in Connecticut.” The printer has mailed to each 
subscriber a copy of the halftone. 


G. L. Davis and H. H. Hess, vol. 247, p. 863, Table 6. First 
line should read ADDIE Dunite P-391. 
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